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Description 

The present invention is concerned with amino acid derivatives. 

The amino acid derivatives provided by the present invention are compounds of the general formula 
R 2 R 4 (0) R 7 

r1 - n \ / co \ / ch \ / CH2 " N \ / r8 

X CH NH yi ^CH^ 

R J IT R R 



T5 



20 



40 



wherein n stands for zero or 1; R 1 represents alkoxycarbonyl, aralkoxycarbonyl, alkanoyl, cycloalkylcar- 
bonyl, aralkanoyl. aroyl, heterocyclylcarbonyl, alkylsulphonyl. arylsulphonyl. monoaralkylcarbamoyl, cin- 
namoyl or a-aralkoxycarbonylamino-alkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of the formula 



U 

V 



N— 

(a) 



30 in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloalkyl, aryl, aralkyl, 
heterocyclylalkyl, cyanoalkyl, alkylsulphinylalkyl, carbamoylalky! or alkoxycarbonylalkyl on when n stands 
for zero, R 3 can also represent alkylthioalkyl or, when n stands for 1, R 3 can also represent alkylsulphonylal- 
kyl; R 4 represents alkyl, cycloalkyl, cycloaikylalkyl, aryl or aralkyl; R s represents hydrogen and R & 
represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together represent a trimethylene or 

35 tetramethylene group which is optionally substituted by hydroxy, alkoxycarbonylarnino or acylamino or in 
which one -CH 2 - group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; and R E represents alkoxycarbonyl, monoalkylcarbamoyl, 
monoaralkylcarbamoyl, monoaryl- carbamoyl or a group of the formula 



NH CO 
— CO^ CH NH R 11 



45 R 



lo Cb > 



in which R 10 and R 11 each represent alkyl; 
and pharmaceutical ly acceptable acid addition salts thereof, 
so The compounds of formula I and their pharmaceutical^ acceptable acid addition salts are novel and 
possess valuable pharmacological properties. In particular, they inhibit proteases of viral origin and can be 
used in the prophylaxis or treatment of viral infections, particularly of infections caused by HIV and other 
retroid viruses. 

Objects of the present invention are the compounds of formula I and their aforementioned salts per se 
55 and for use as therapeutically active substances, a process for the manufacture of said compounds and 
salts, intermediates used in said process, medicaments containing said compounds and salts, the use of 
said compounds and salts in the control or prevention of illnesses, especially in the treatment or prophylaxis 
of viral infections, and the use of said compounds and salts for the manufacture of medicaments for the 
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treatment or prophylaxis of viral infections. 

As used in this Specification, the term "alkyl", alone or in combination, means a straight-chain or 
branch ed-chain alkyl group containing a maximum of 8, preferably a maximum of 4, carbon atoms such as 
methyl, ethyl, n-prolyl. isopropyl, n-butyl, isobutyl, sec. butyl, tert.butyl, pentyl, hexyl and the like. The term 

5 "alkoxy", alone or in combination, means an alkyl ether group in which the term "alkyl" has the significance 
given earlier, such as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec.butoxy, tertbutoxy 
and the like. The term "cycloalkylalkyl" means an alkyl group as defined earlier which is substituted by a 
cycloalkyl group containing 3-8, preferably 3-6. carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl. 
cyclohoxyl and the like. The term "aryl", alone or in combination, means a phenyl or naphthyl group which 

m optionally carries one or more substituents selected from alkyl, alkoxy, halogen, hydroxy, amino and the 
like, such as phenyl, p-tolyl, 4-methoxyphenyl, 4-tert.butoxyphenyl, 4-fluorophenyl, 4-chlorophenyl. 4- 
hydroxyphenyl, 1-naphthyl, 2-naphthyl etc. The term "aratkyl", alone or in combination, means an alkyl 
group as defined earlier in which one hydrogen atom is replaced by an aryl group as defined earlier, such 
as benzyl, 2-phenylethyl and the like. The term "aralkoxycarbonyl". alone or in combination, means a group 

75 of the formula -C(0)-O-aralkyl in which the term "aralkyl" has the significance given earlier, such as 
benzyloxycarbonyl etc. The term "alkanoyl". alone or in combination, means an acyl group derived from an 
alkanecarboxylic acid such as acetyl, propionyl, butyryl, valeryl, 4-methylvaleryl etc. The term "cycloalkyl- 
carbonyl" means an acyl group derived from a monocyclic or bridged cycloalkanecarboxylic acid such as 
cyclopropanecarbonyl, cyclohexanecarbonyl, adamantanecarbonyl etc or from a benz-fused monocyclic 

20 cycloalkanecarboxylic acid which is optionally substituted by, for example, alkanoylamino, such as 1,2,3,4- 
tetrahydro-2-naphthoyl, 2-acetamido-1,2,3,4-tetrahydro-2-naphthoyi. The term "aralkanoyl" means an acyl 
group derived from an aryl-substituted alkanecarboxylic acid such as phenylacetyl, 3-phenylpropionyl 
(hydrocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl, 4-chlorohydrocinnamoyl, 4-aminohydrocinnamoyl, 4- 
methoxyhydrocinnamoyl etc. The term "aroyl" means an acyl group derived from an aromatic carboxylic 

25 acid; for example an optionally substituted benzoic or naphthoic acid such as benzoyl, 4-chlorobenzoyl, 4- 
carboxybenzoyl, 4-(benzyloxycarbonyl)benzoyl, 1-naphthoyl, 2-naphthoyl, 6-carboxy-2 naphthoyl, 6-(ben- 
zyloxycarbonyl)-2-naphthoyl, 3-benzyloxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-(benzyloxyformamido)-2- 
naphthoyl etc. The heterocyclyl portion of a heterocyclylcarbonyl or heterocyclylalkyl group is a saturated, 
partially unsaturated or aromatic monocyclic, bicyclic or tricyclic heterocycle which contains one or more 

30 hetero atoms selected from nitrogen, oxygen and sulphur, which is optionally substituted on one or more 
carbon atoms by halogen, alkyl. alkoxy. oxo etc and/or on a secondary nitrogen atom (i.e. -NH-) by alkyl, 
aralkoxycarbonyl. alkanoyl. phenyl or phenylalkyl or on a tertiary nitrogen atom (i.e. = N-) by oxido and 
which is attached via a carbon atom. Examples of such heterocyclyl groups are pyrrolidinyl, piperidinyl, 
piperazinyl, morpholinyl, thiamorpholinyl, pyrrolyl, imidazolyl (e.g. imidazol 4-yl. 1-benzyloxycar- 

35 bonylimidazol-4-yl, etc), pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, furyl, thienyl triazolyl, oxazolyl, thiazolyl, 
indolyl (e.g. 2-indolyl etc), quinolyl (e.g. 2-quinolyl, 3-quinolyl, 1-oxido-2-quinolyl etc), isoquinolyl (e.g. 1- 
isoquinolyl, 3-isoquinolyl etc), tetrahydroquinolyl (e.g. 1 ,2,3,4-tetrahydro-2-quinolyl etc), 1,2,3.4- 
tetrahydroisoquinolyl (e.g. 1 ,2,3,4-tetrahydro-1-oxo-isoquinolyl etc), quinoxalinyl, jQ-carbolinyl and the like. 
The term "halogen" means fluorine, chlorine, bromine or iodine. 

40 A cinnamoyl group denoted by Ft 1 can be unsubstituted or can carry on the phenyl ring one or more 
substituents selected from alkyl, alkoxy, halogen, nitro and the like. 

The aromatic system denoted by P and Q together in formula (a) given earlier can be monocyclic (e.g. 
1,2-phenylene or thienylene) or polycyclic (e.g. 1 ,2-naphthylene, 2,3-naphthylene, 1 ,8-naphthylene, 2,3- 
anthrylene etc) and can be unsubstituted or substituted by onB or more substituents selected from alkyl. 

45 alkoxy, halogen and the like. 

As mentioned earlier, a trimethylene or tetramethylene group denoted by R' and R H together can be 
optionally substituted by a hydroxy group or an alkoxycarbonylamino group (e.g. tert.butoxycarbonylamino) 
or an acylamino group (i.e. an alkanoylamino, cycloalkylcarbonylamino, aralkanoylamino or aroylamino 
group). Alternatively, one -CH Z - group of a trimethylene or tetramethylene group denoted by R 7 and R 8 

so together can be replaced by -NH-, -N(alkoxycarbonyl)-. for example -N(tert.butoxycarbonyl)-, -N(acyl)- or -S- 
. When a trimethylene or tetramethylene group denoted by R 7 and R a together carries a fused cycloalkane 
ring, this can be, for example, a fused cycloalkane ring containing 3-6 carbon atoms such as a fused 
cyclopentane, cyclohexane or like ring and when the trimethylene or tetramethylene group carries a fused 
aromatic or heteroaromatic ring, this can be, for example, a fused benzene, indole or thiophene ring which 

55 can be optionally substituted on one or more carbon atoms by halogen, alkyl, alkoxy etc. Thus, -N(R 7 )-CH- 
(R B )(R 9 ) can represent, for example, one of the following groups: 
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wherein R 9 has the significance given earlier, R 12 represents hydrogen, hydroxy, alkoxycarbonylamino 
or acylamino, R 12 represents hydrogen, alkoxycarbonyl or acyl, m stands for 1 or 2 and p stands for 1 or 2. 

The pharmaceutical^ acceptable acid addition salts of the compounds of formula I are salts formed with 
inorganic acid, for example hydrohalic acids such as hydrochloric acid or hydrobromic acid, sulphuric acid, 
nitric acid, phosphoric acid etc, or with organic acids, for example acetic acid, citric acid, maleic acid, 
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fumaric acid, tartaric acid, methanesulphonic acid, p-toluenesulphonic acid etc. 

The compounds of formula I contain at least three asymmetric carbon atoms and are therefore present 
in the form of optically pure diastereoisomers, mixtures of diastereoisomers, diastereoisomeric racemates or 
mixtures of diastereoisomeric racemates. The present invention includes within its scope all of these forms, 
s One particular group of compounds of formula I comprises those in which n stands for zero. R 3 

represents alky I, cycloalkyl, aryl, aralkyl, heterocyclylalkyl, cyanoalkyl, alkylthioaikyL carbamoylalkyl or 
aJkoxycarbonylalkyl and R 7 and R s together represent a trimethylene or tetramethylene group in which one 
-CH2 -group can be replaced by -NH- or -S- or which can carry a fused cycloalkane, aromatic or 
heteroaromatic ring. 

10 In the compounds of formula I hereinbefore, preferably R 1 represents alkoxycarbonyl, aralkoxycarbonyl, 
alkanoyl, cycloalkylcarbonyl. aralkanoyl, aroyl. heterocyclylcarbonyl or a-aralkoxycarbonylamino-alkanoyl. 
especially benzyloxycarbonyl, 2-naphthoyl, t-hydroxy-2-naphthoyi, 3-hydroxy-2-naphthoyl, 3-benzyloxy-2- 
naphthoyl, 2-quinolylcarbonyl or 3-quinolyIcarbonyl, and R 2 represents hydrogen. R 3 preferably represents 
alkyl. cyanoalkyl, alkylthioalkyl or carbamoylalkyl, especially cyanomethyl. methylthiomethyl or carbamoyl- 

75 methyl. R 4 preferably represents aralkyl, especially benzyl. Preferably. R 5 represents hydrogen and R E 
represents hydroxy. Preferably. -N(R / )-CH(R x )(R i1 ) represents one of the groups of formulae (c) to (i) 
hereinbefore, especially a group of formula (c) in which R 12 represents hydrogen and m stands for 2 or R 12 
represents tert.butoxycarbonylamino and m stands for 1, a group of formula (d) in which R 13 represents 
tertbutoxycarbonyl, a group of formula (e) in which m stands for 1, a group of formula (f) in which m and p 

zo both stand for 1, or a group of formula (g), (i) or (j). With respect to R 9 , this preferably represents 
alkoxycarbonyl, especially tertbutoxycarbonyl, monoaikylcarbamoyl, especially isobutylcarbamoyl or 
tcrt.butylcarbamoyl, or a group of formula (b), especially one in which R'° represents sec. butyl and R 11 
represents isobutyl. 

From the foregoing it will be appreciated that particularly preferred compounds of formula I are those in 
25 which R' represents benzyloxycarbonyl, 2-naphthoyl. 1-hydroxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3- 
benzyloxy-2-naphthoyl, 2-quinolylcarbonyl or 3-quino!ylcarbonyl and R 2 represents hydrogen, R 3 represents 
cyanomethyl, methylthiomethyl or carbamoylmethyl, R* represents benzyl, R 5 represents hydrogen and R E 
represents hydroxy and -N(R 7 )-CH(R 8 )(R 9 ) represents a group of formula (c) hereinbefore in which R 1Z 
represents hydrogen and m stands for 2 or R 1Z represents tert.butoxycarbonylamino and m stands for 1, a 
30 group of formula (d) hereinbefore in which R 13 represents tertbutoxycarbonyl, a group of formula (e) 
hereinbefore in which m stands for 1 , a group of formula (f) hereinbefore in which m and p both stand for 1 
or a group of formula (g). (i) or (j) hereinbefore and R 3 represents tertbutoxycarbonyl, isobutylcarbamoyl. 
tert.butylcarbamoyl or a group of formula (b) in which R 10 represents sec. butyl and R 11 represents isobutyl. 
Especially preferred compounds of formula I are: 
35 N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S^hydroxy-^phenylbutylJ-N^tert.butyl-L- 
prolinamide, 

N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-NMsobutyl-L- 
prolinamide. 

rM 2 -[3(S)-[EN-(benzyloxycarbonyl)-L-asparaginyl]amtno]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(R)- 
40 thiazolidinecarboxamide. 

N-tertbutyl 1-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl>2(S)- 
piperidinecarboxamide, 

1- [3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutylhN-tert.butyl- 
octahydro-(3aS.6aS)-cyclopenta[b]pyrrole-2(S)-carboxamide, 

45 1-[3(S)-[[N-benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2{S)- 
piperidinecarboxamide. 

2- [3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2{R)-hydroxy-4-phenylbutylhN-tert.butyl-1, 2,3,4- 

tetrahydropyrido[3,4-b]indole-1 -carboxamide, 

N-tcrt.butyl-3-[2(R)-hydroxy-3(S)-[[N-<2-naphthoyl)-L-asparaginyl]amino]-4-phenylbutyl]-4(R)- 
50 thiazolidinecarboxamide, 

NMertbutyl-N z -[2(R)-hydroxy-4-ph 
N 2 -oxide, 

1-[3(S)-[[N-(benzyloxycarhonyl)-3-cyano-L-alanyl]aminol-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2{S)- 
piperidinecarboxamide. 

as 1-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutylh4- 
(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide. 

l-[3(S)-[[M-(benzyloxycarbonyl)-3-cyano-L-alanyl]amino]-2(R)-hydroxy-4-phenylbutyl]-4- 
{tertbutoxycarbonyl)-N-tertbutyl-2(Ror S)-piperazinecarboxamide, 

5 
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rvF-[3(S)-[[N-benzyloxycarbonyl)-L-asparaginyl]amino]-2{R)-hyclroxy-4-phenylbutyl]-4(R)- 
(tert.butoxyformamidoJ-N^tert.butyl-L-prolinamide, 

1-[3(S)-[[N-(3-benzyloxy-2-naphthoyl)-L-asparaginyl]a^^ 2- 
(S)-piperidinecarboxamide. 
5 N-tert.bu1yI-1-[2(R)-hydroxy-4-pheny^ 
piperidinecarboxamide 1 -oxide, 

N-tert.bulyl 1-[3(S)-[[N-(3-hydroxy-2-naphthoyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyIbutyl]-2(S)- 
piperidinecarboxamide. 

trans-2-[3(S)-[[N-(benzyloxycarbonyl-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-te^ de- 
m cahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide, 

4-(tert.butoxycarbonyl)-N<ert.butyl-1-[2(R)-hydroxy-4-phenyl-3(SH(N-{2-quinolylcarbo 
asparaginyl]amino]butyl]-2(Ror S)-piperazinecarboxamide, 

N-tertbutyl-1-[2(R)-hydroxy-3(S)-[[N-^ 
piperidinecarboxamide, 
rs trans-N-tert.butyl-decahydro-2-^^ 

amino]butyl]-(4aR,8aS)-isoquinoline-3(S)-carboxarnide and 

N-tert.butyl-1-[2(R)-hydroxy-4-pte^ 
piperidinecarboxamide. 

The most preferred compounds of formula I are: 
so N-tert.Butyl-1-[2(R)-hydroxy-3(S)-[[N-(2-napta 
piperidinecarboxamide, 

N-tcrt.butyl-octahydro-1-[2(R)-hydro^ 
butyl]-(3aS,6aS)-cyclopenta[b]pyrrole-2(S)-carboxamide and 
N-tertbutyM,2 t 3,4-tetrahydro-2-[2{R)-hydroxy-4-^^ 
25 amino]butyl]pyrido[3,4-b]indole-1(R or S)-carboxamide. 

According to the process provided by the present invention, the compounds of formula I hereinbefore 
and their pharmaceutical^ acceptable acid addition salts are manufactured by 

(a) for the manufacture of a compound of formula I in which n stands for zero, reacting a compound of 
the general formula 

30 

CH ^CH, N R 8 

H 2 N ^\ I 9 

R 5 V R 



AO 



wherein R*. R 5 . R e , R 7 , R B and R 9 have the significance given earlier, 
with an acid of the general formula 



R 2 



so 



1 I 

R - N \ III 
CH COOH 



wherein R\ R z and R 3 have the significance given earlier, 
55 or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands for zero, represents hydrogen 
and R 6 represents hydroxy, reducing a compound of formula I in which n stands for zero and R 5 and R 6 
together represent oxo. or 
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(c) for the manufacture of a compound of formula I in which n stands for zero and R' represents 
alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, arylsulphonyl, cin- 
namoyl or o-aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogen or R 1 and R 2 together with the 
nitrogen atom to which they are attached represent a cyclic imide group of formula (a) hereinbefore, 
reacting a compound of the general formula 



wherein R 3 . R*, R 5 , R 6 , R 7 , R 3 and 

R 3 have the significance given earlier, 
with an agent yielding an alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsul- 
phonyl, arylsulphonyl, cinnamoyl or a-aralkoxycarbonylamino-alkanoyl group or with an agent forming a 
cyclic imide group of formula (a) hereinbefore, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R' represents 
monoaralkylcarbamoyl and R 2 represents hydrogen, reacting a compound of formula IV hereinbefore with 
a compound of the general formula 

R 1 -N=C = G V 

wherein R 1 ' represents aralkyl, 



(e) for the manufacture of a compound of formula I in which R 3 represents alkylsulphinylalkyl and n 
stands tor zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands for 
zero, or 

(t) for the manufacture of a compound of formula I in which n stands for 1, oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula 1 in which n stands for 1 and R 1 represents an 
aromatic N-heterocyctylcarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound of 
formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl group and R z 
represents hydrogen, or 

(h) for the manufacture of a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphonylalkyl, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alkylsulphinylalkyl, or 

(i) for the manufacture of a compound of formula I in which R 1 represents carboxy-substituted aroyl, 
hydroxy-substituted aroyl or hydrocinnamoyl and R ? represents hydrogen, catalytically hydrogenating a 
compound of formula I in which R' represents benzyloxycarbonyl-substituted aroyl, benzyloxy-substi- 
tuted aroyl or cinnamoyl and R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula I in which R 3 represents imidazol-4-yl and/or R* 
represents hydroxy-substituted aryl or hydroxy-substituted aralkyl and/or R 7 and R a together represent a 
trimethylene or tetramethylene group in which one -CHfe- group is replaced by -NH-, treating a 
compound of formula I in which R 3 represents 1-(benzyloxycarbonyl)-imidazol-4-yl and/or R* represents 
tert.butoxy-substituted aryl or tert.butoxy-substituted aralkyl and/or R 7 and R 8 together represent a 
trimethylene or tetramethylene group in which one -CH 2 - group is replaced by Nftert.butoxy carbonyl)- 
with a strong acid, or 

(k) for the manufacture of a compound of formula I in which R 7 and R 8 together represent a trimethylene 
or tetramethylene group which is substituted by acylamino or in which one -CH2- group is replaced by 
-N(acyl)-. acylating a compound of the general formula 




IV 



or 
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<|'n R 7 ' 



-N 



CH 



VI 



in 

wherein n, R 1 , R 2 , R 3 , R + . R 3 . R 6 and R E have the significance given earlier and R 7 and R* together 
represent a trimethylene or tetramethylene group which is substituted by amino or in which one -CH2- 
group is replaced by -NH-, 
and/or 

rs (I) if desired, separating a mixture of diastereoisomeric racemates into the diastereoisomeric racemates 
or optically pure diastereoisomers, and/or 

(m) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, and/or 
(n) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable acid 
addition salt. 

20 The reaction of a compound of formula II with an acid of formula III in accordance with embodiment (a) 
of the process can be carried out in accordance with methods known per se in peptide chemistry. Thus, 
v/hen an acid of formula III is used, the reaction is preferably carried out in the presence of a condensation 
agent such as hydroxybenzotriazole and dicyclohexylcarbodiimide. This reaction is conveniently carried out 
in an inert organic solvent such as an ether (e.g. diethyl ether, tetrahydrofuran etc) or dimethylformamide at 

25 a low temperature, suitably at about -10* C to +5"C and especially at about O'C. Suitable reactive 
derivatives of acids of formula III which can be used are, for example, the corresponding acid halides (e.g. 
acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc. When a reactive derivative is used, 
the reaction is conveniently carried out in an inert organic solvent such as a halogenated aliphatic 
hydrocarbon (e.g. dichloro methane etc) or an ether (e.g. diethyl ether, tetrahydrofuran etc) and. where 

30 appropriate, in the presence or an organic base (e.g. N-ethylmorpholine, diisopropylethylamine etc) at a low 
temperature, suitably at about -1 0 * C to + 5 - C and especially at about 0 • C. 

The reduction of a compound of formula I in which R 5 and R c together represent oxo in accordance 
with embodiment (b) of the process can be carried out according to methods known per se for the reduction 
of a carbonyl group to a hydroxy group. Thus, for example, the reduction can be carried out using a 

35 complex metal hydride such as an alkali metal borohydride, especially sodium borohydride, in an 
appropriate organic solvent such as an alkanol (e.g. methanol, ethanol, propanol, isopropanol etc). Conve- 
niently, the reduction is carried out at about room temperature. 

In accordance with embodiment (c) of the process, suitable agents which yield an alkanoyl, cycloalkyl- 
carbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl, cinnamoyl or a-aralkoxycarbonylaminoal- 

40 kanoyl group are the corresponding acids or reactive derivatives thereof such as the corresponding acid 
halides (e.g. acid chlorides), acid anhydrides, mixed anhydrides, activated esters etc and suitable agents 
which form a cyclic imide group of formula (a) hereinbefore are compounds of the formula HOOC-P-Q- 
COOAratkyl in which P and Q have the significance given earlier. The reaction of a compound of formula IV 
with the aforementioned agents is carried out in the same manner as that described earlier in connection 

45 with embodiment (a) of the process. In the reaction of a compound of formula IV with a compound of the 
formula HOOC-P-Q-COOAralkyl, the initially formed reaction product spontaneously loses a molecule of 
aralkanol (HO-Aralkyl) with the formation of the cyclic imide group. 

The reaction of a compound of formula IV with a compound of formula V in accordance with 
embodiment (d) of the process can be carried out in a manner known per sc. Thus, the reaction is 

50 conveniently carried out in an inert organic solvent such as a halogenated aliphatic hydrocarbon (e.g. 
dichloromethane etc) at a temperature between about O'C and room temperature, preferably at room 
temperature. 

The oxidation in accordance with embodiments (e), (f), (g) and (h) of the process can be carried out 
according to known procedures. The oxidation is preferably carried out using an organic peracid such as 
55 peracetic acid, perbenzoic acid, a haloperbenzoic acid such as m-chloroperbenzoic acid, perphthalic acid or 
the like, although it can also be carried out using hydrogen peroxide. The oxidation is conveniently carried 
out in the presence of an organic solvent which is inert under the reaction conditions, for example an 
alkanol such as methanol, ethanol etc, a halogenated hydrocarbon such as methylene chloride etc, and the 
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like. The oxidation can be carried out within a wide temperature range, for example a range between about 
-70 • C and about room temperature. 

The catalytic hydrogenation in accordance with embodiment (i) of the process can be carried out in a 
known manner. Conveniently, the catalytic hydrogenation is carried out in the presence of a noble metal 
catalyst, preferably a palladium catalyst such as palladium-on-carbon, and in an inert organic solvent (e.g. 
an alkanol such as ethanol, isopropanol etc) at about room temperature and under atmospheric pressure. 
When a compound of formula I in which R 1 represents nitro-substituted cinnamoyl and R 2 represents 
hydrogen is catalytically hydrogenated according to this embodiment, then there is obtained a compound of 
formula I in which R* represents amino-substituted hydrocinnamoyl and R 2 represents hydrogen. 

Embodiment (j) of the process can be carried out using a strong inorganic acid, for example a 
hydrohalic acid such as hydrogen chloride or hydrogen bromide, or a strong organic acid, for example a 
halogenated alkanecarboxylic acid such as trifluoroacetic acid and the like. This embodiment can be carried 
out according to known procedures; for example in the presence or absence of an inert organic solvent (e.g. 
an alkanecarboxylic acid ester such as ethyl acetate etc) and at a temperature between about 0"C and 
about room temperature, preferably at about room temperature. 

The acylation of a compound of formula VI in accordance with embodiment (k) of the process can be 
carried out according to methods known per se. Conveniently, the acylation is carried out using an acyl 
halide such as an acyl chloride or bromide in the presence of an inert organic solvent such as 
dimethylformamide etc and at a temperature between about O'C and room temperature. In place of an acid 
halide there can, of course, also be used a different reactive acid derivative such as an acid anhydride or 
the like. 

The optional separations in accordance with embodiments (I) and (m) of the process can be effected 
according to conventional methods; for example, by column chromatography, thin-layer chromatography, 
high pressure liquid chromatography etc. 

The conversion of a compound of formula I into a pharmaceutical^ acceptable acid addition salt in 
accordance with embodiment (n) of the process can be carried out by treating such a compound in a 
conventional manner with an inorganic acid ; for example a hydrohalic acid such as hydrochloric acid or 
hydrobromic acid, sulphuric acid, nitric acid, phosphoric acid etc, or with an organic acid such as acetic 
acid, citric acid, maleic acid, fumaric acid, tartaric acid, methanesulphonic acid, p-toluenesulphonic acid etc. 

The compounds of formula II which are used as starting materials in embodiment (a) of the process are 
novel and also form an object of the present invention. 

The compounds of formula II can be prepared, for example, by reacting a compound of the general 
formula 



wherein R^ has the significance given earlier, R 14 represents an amino-protecting group (e.g. 
tert.butoxycarbonyl or benzyloxycarbonyl) and X represents a chlorine or bromine atom, 
with a compound of the general formula 





VI I 



O 




VIII 
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wherein R 7 , R 8 and R 9 have the significance given earlier, 
and either cleaving off the group R 14 from the resulting compound of the general formula 



5 






CH 2 N 




CH 




IX 



to 




wherein R 4 , R 7 , R 8 , R 9 and R 14 have the significance given earlier, 
is to give a compound of formula II in which R 5 and R B together represent oxo or reducing the compound of 
formula IX and cleaving off the group R 1 * from the resulting compound of the general formula 



wherein R\ R 7 , R a , R 9 and R 14 have the significance given earlier 
to give a compound of formula II in which R 5 represents hydrogen and R 6 represents hydroxy. 
so The reaction of a compound of formula VII, preferably one in which R u represents benzyloxycarbonyl, 
with a compound of formula VIII can be carried out in a known manner; for example, in an inert organic 
solvent such as a halogenated aliphatic hydrocarbon (e.g. dichloromethane etc) and in the presence of a 
base {e.g. a trialkylamine such as triethylamine etc), conveniently at about room temperature. 

The cleavage of the group R n from a compound of formula IX can also be carried out in a known 
35 manner; for example, using a strong inorganic acid such as a hydrohalic acid or a strong organic acid (e.g. 
trifluoroacetic acid etc), conveniently at about O'C to about room temperature. Alternatively, a 
hydrogenolytically-cleavable amino-protecting group R 14 can be cleaved off using hydrogen in the presence 
of a noble-metal catalyst (e.g. a palladium catalyst such as palladium-on-carbon) in an organic solvent or 
solvent mixture which is inert under the reaction conditions (e.g. an alkanol such as ethanol, isopropanol etc, 
40 an alkanecarboxylic acid ester such as ethyl acetate, etc) and conveniently at about room temperature. 

The reduction of a compound of formula IX to give a compound of formula X can be carried out as 
described earlier in connection with the reduction of a compound of formula I in which n stands for zero and 
R* and R fi together represent oxo in accordance with embodiment (b) of the process of the invention. 

The cleavage of the group R 14 from a compound of formula X can be carried out in a manner 
45 analogous to that described earlier in connection with the cleavage of the group R 14 from a compound of 
formula IX. 

A further method for the preparation of compounds of formula II in which R 5 represents hydrogen and 
R G represents hydroxy comprises firstly reacting a compound of the general formula 



20 



25 




X 




55 




XI 



0 
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wherein R 4 and R K have the significance given earlier, 
with a compound of formula VIII hereinbefore, conveniently in an inert organic solvent such as an alkanol 
(e.g. methanol etc), dimethylformamide or the like and at an elevated temperature, conveniently at about 
60 'C to about 120 -C, and then cleaving off the group R 14 in the reaction product (a compound of formula 
5 X hereinbefore) as described earlier. 

The compounds of formula IV which are used as starting materials in embodiments (c) and (d) of the 
process are novel and form a further object of the present invention. 

The compounds of formula IV can be prepared, for example, by cleaving off the benzyloxycarbonyl or 
tert.butoxycarbonyl group R 1 from a compound of formula I in which n stands for zero, R 1 represents 
to benzyloxycarbonyl or tert.butoxycarbonyl and R 2 represents hydrogen. This cleavage is carried out in a 
manner analogous to that described earlier in connection with the cleavage of the group R 14 from a 
compound of formula IX. 

The compounds of formula VI wherein R / and R* together represent a trimethylene or tetramethylene 

group in which one -Chfe- group is replaced by -NH-, are used as starting materials in embodiment (k) of 
75 the process. The compounds of formula VI wherein R 7 ' and R 8 together represent a trimethylene or 

tetramethylene group which is substituted by amino, which are also used as starting materials in 

embodiment (k) of the process, are novel and also form an object of the present invention. They can be 

prepared, for example, by cleaving off the alkoxycarbonyl group from a compound of formula I in which R 7 

and R s together represent a trimethylene or tetramethylene group which is substituted by alkoxycar- 
20 bonylamino. The cleavage can be carried out according to conventional procedures; for example, by 

treatment with an acid such as a hydrogen halide (e.g. hydrogen chloride) in an inert organic solvent (e.g. 

an alkanccarboxylic acid ester such as othyl acetate etc). 

The starting materials of formula III and their reactive derivatives, the starting materials of formula V as 

well as the compounds of formulae VII, VIII and XI hereinbefore, insofar as they are not known compounds 
25 or analogues of known compounds, can be prepared in a similar manner to the known compounds or as 

described in the Examples hereinafter or in analogy thereto. Moreover, the agents used in embodiment (c) 

of the process are generally known compounds. 

As mentioned earlier, the compounds of formula I and their pharmaceutic ally acceptable acid addition 

salts inhibit proteases of viral origin and are useful in the treatment or prophylaxis of viral infections, 
30 particularly of infections caused by HIV and other retroid viruses. 

The in vitro inhibition of HIV protease by the compounds provided by the present invention can be 

demonstrated by means of the following test: 

HIV protease was expressed in E. coli and partially purified from soluble extracts of the bacterium by 

ammonium sulphate fractionation (0-30%). Protease activity was assayed using the protected hexapeptide 
35 succinyl-Ser-Leu-Asn-Tyr-Pro-lle isobutylamide as the substrate. Cleavage of the substrate was quantified 

by measuring the production of H-Pro-lle isobutylamide by the spectrophotometry assay of N-terminal 

proline. 

1.25 mM of substrate were dissolved in 125 mM of citrate buffer (pH 5.5) containing 0.125 mg/ml of 
Tween 20. 10 nl of a solution of various concentrations of the test compound (dissolved in methanol or 

40 dimethyl sulphoxide and diluted with water containing 0.1% Tween 20) and 10 ul of protease were added to 
80 ul of the above buffered substrate. Digestion was carried out at 37 "C for a fixed period of time and was 
terminated by the addition of 1 ml of colour reagent [30 ug/ml of isatin and 1.5 mg/ml of 2-(4- 
chlorobenzoyl)benzoic acid in 10% acetone in ethanol (vol./vol.)]. The solution was heated in a water bath 
and then the pigmented residues were re-dissolved in 1 ml of 1% pyrogallol in 33% water in acetone 

45 (wt./vol./vol.). The optical density of the solution was measured spectrophotometrically at 599 nm. The 
formation of H-Pro-lle isobutylamide in the presence of the test compound was compared with controls and 
the concentration of test compound required to give 50% inhibition (I50) was determined by means of a 
graph plotted from the various concentrations of test compound used. 

The results obtained in the foregoing test using representative compounds of formula I as the test 

50 compound are compiled in the following Table. 



55 
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Table 



Compound 




A 


0.87 


B 


0. 15 


C 


0.3 


D 


0. 13 


E 


0.75 


F 


0.75 


G 


0.08 


H 


0.01 


I 


0 . 085 



Compound A: N-[N-[[N-(Benzyloxycarbonyl)-L-asparaginyl]- 
-L-pheny lalany 1 J methyl J - L- pro line tec t . butyl 
es tec . 

Compound B: N- [ 3 (S ) - [ [N- (Benzyloxycar bonyl ) -L-asparaginyl ] 
-amino ]-2(R)-hydroxy-4-p he nylbutyl]-L-proline 
tec t . butyl ester . 

Compound C: N- [ 3 ( S ) - [ [N- ( Benzy 1 oxycac bo ay 1 ) -L-aspa caginyl ] 
-amino ] -2 (S) -hydcoxy-4- phenyl butyl ]-L- pro line 
tect. butyl ester. 
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Compound D: 



N 



[N-[3 (S)-[ [N-(Benzyloxycarbonyl)~L- 



-asparaginyl] amino J - 2 (R and S) -tiydroxy-4- 
-pheny L butyl ]-L- prolyl ]-N - i so butyl -L- 
-isoleucinamide (isomer 1; Example 13). 



Compound E : 



N - [N- [ 3 { S ) - [ [N- [N-(Benzy loxyca ebony 1)-L- 
-leucyl]-L-asparaginyl]amino]-2(R and S)- 
-hydroxy-4 -phenyl butyl ]-L- prolyl ] -N 1 - 
-isobutyl-L-isoleucinamide { isomer 1; 
Example 14 ) . 



Compound F: 



N - [ 3 (S)-[ [N-(Benzyloxycarbonyl)-L- 
-asparaginyl Jamino] -2 (R and S) -hydr oxy-4- 
-phenylbuty 1 ] -N 1 - isopenty 1-L-prol inamide 
(isomer 2; Example 17). 



Compound G: 



N -[3 (S)-[ [N-(Benzyloxycarbonyl)-L- 
-asparaginyl]amino]-2(R or S ) -hyd r oxy- 4 ■ 
-pheny 1 butyl ] -N 1 - iso butyl -L-prol inamide 
(isomer 2; Example 21). 



Compound H; N- [ 2 ( R ) -Hyd r oxy- 3 ( S ) - [ [N- (2-naphthoyl) -L- 

-asparaginyljamino]- 4--pheny 1 butyl J L- pro line 
tert. butyl ester. 

Compound I : 2- [3 (S)-[ [N- (Benzyl oxy car bony 1 ) -L- 

-asparaginyl]amino]-2(R) -hyd r oxy- 4- pheny 1- 
buty 1 ] -N-ter t . butyl -1 . 2 . 3 . 4- te trahydro- 
-3(R,S) - isoquino 1 inecar boxamide . 



The compounds of formula I and their pharmaceutical^ acceptable acid addition salts can be used as 
medicaments (e.g. in the form of pharmaceutical preparations). The pharmaceutical preparations can be 
administered enterally such as orally (e.g. in the form of tablets, coated tablets, dragees, hard and soft 
gelatine capsules, solutions, emulsions or suspensions), nasally (e.g. in the form of nasal sprays) or rectally 
(e.g. in the form of suppositories). However, the administration can also be effected parenterally such as 
intramuscularly or intravenously (e.g. in the form of injection solutions). 

For the manufacture of tablets, coated tablets, dragees and hard gelatine capsules the compounds of 
formula I and their pharmaceutical^ acceptable acid addition salts can be processed with pharmaceutical^ 
inert, inorganic or organic excipients. Lactose, maize starch or derivatives thereof, talc, stearic acid or its 
salts etc can be use, for example, as such excipients for tablets, dragees and hard gelatine capsules. 

Suitable excipients for soft gelatine capsules are, for example, vegetable oils, waxes, fats, semi solid 
and liquid polyols etc. 



13 



EP 0 346 847 B1 



Suitable excipients for the manufacture of solutions and syrups are, for example, water, polyols, 
saccharose, invert sugar, glucose etc. 

Suitable excipients for injection solutions are, for example, water, alcohols, polyols, glycerol, vegetable 
oils etc. 

s Suitable excipients for suppositories are, for example, natural or hardened oils, waxes, fats, semi-liquid 

or liquid polyols etc. 

Moreover, the pharmaceutical preparations can contain preserving agents, solubilizers, viscosity- 
increasing substances, stabilising agents, wetting agents, emulsifying agents, sweetening agents, colouring 
agents, flavouring agents, salts for varying the osmotic pressure, buffers : coating agents or antioxidants. 

to They can also contain still other therapeutically valuable substances. 

In accordance with the invention the compounds of formula I and their pharmaceutically acceptable acid 
addition salts can be used in the treatment or prophylaxis of viral infections, particularly of retroviral 
infections. The dosage can vary within wide limits and will, of course, be fitted to the individual 
requirements in each particular case. In general, in the case of oral administration there should suffice a 

75 daily dosage of about 3 mg to about 3 g, preferably about 10 mg to about 1 g (e.g. approximately 300 mg 
per person), divided in preferably 1-3 unit doses, which can, for example, be of the same amount. It will, 
however, be appreciated that the upper limit given above can be exceeded when this is found to be 
indicated. 

The following Examples illustrate the present invention. The solvent systems referred to in these 
20 Examples are as follows: 

System A: 5% methanol in chloroform 
System B: 10% methanol in chloroform 

System C: chloroform: methanol: acetic acid: water (120:15:3:2) 

System D: chloroform: methanol: acetic acid: water (90:15:3:2) 
25 System E: chloroform: methanol: acetic acid: water (60:18:2:3) 

System F: chloroform: methanol: acetic acid: water (240:24:3:2) 

System G: dichloromethane: methanol: acetic acid: water (120:15:3:2) 

System H: diethyl ether: n-hexane: methanol (47.5:47.5:5) 

System I: dichloromethane: methanol: acetic acid: water (60:18:2:3) 
30 System J: dichloromethane: methanol: acetic acid: water (120:15:2:3). 

Example 1 



45 



0.5 g (1.07 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester was 
dissolved in 50 ml of isopropanol and 5 ml of ethyl acetate and hydrogenated for 5 hours in the presence of 
0.406 g (2.14 mmol) of toluene-4-sulphonic acid and 50 mg of 5% palladium-on-carbon. The catalyst was 
removed by filtration and the filtrate was evaporated. The residue was taken up in 5 ml of dichloromethane 
and 5 ml of dimethylformamide and cooled in an ice/salt bath. 0.285 g (1.07 mmol) of N-(benzyloxycar- 
bonyl)-L-asparagine in 25 ml of dimethylformamide was added, followed by 0.145 g (1.07 mmol) of 
hydroxybenzotriazole, 0.221 g (1.07 mmol) of dicyclohexylcarbodiimide and 0.246 g (2.14 mmol) of N- 
ethytmorpholine. The mixture was left to stir overnight, the separated dicyclohexylurea was removed by 
filtration and the filtrate was evaporated to dryness in a vacuum. The resulting dark brown gum was 
partitioned between ethyl acetate and water. The organic phase was washed in sequence with 5% sodium 
bicarbonate solution and saturated sodium chloride solution and then dried over sodium sulphate. The 
solvent was removed by evaporation and the solid was chromatographed on silica gel using 5% isopropanol 
in ethyl acetate for the elution. There was obtained 0.125 g of N-[N-[[N-(benzyloxycarbonyl)-L-asparaginyl]- 
L-phenylalanyl]methyl]-L-proline tert.butyl ester as a pale yellow solid. 



Analysis for: C31H40N+O7 [580.69]. 



Calculated: 

Found: 

Ash-free: 



c, 


64.12; 


H, 


6.94; 


N, 


9.65% 




c, 


63.18; 


H, 


6.79; 


N, 


9.8%: 


ash 


c, 


63.91 ; 


H, 


6.87; 


N, 


9.92%. 





1.2% 



The N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester used as the starting 
material was prepared by stirring 0.77 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide with 0.35 
g of L-proline tert.butyl ester and 0.203 g of triethylamine in 15 ml of dichloromethane at room temperature 
overnight. The solvent was removed by evaporation and the crude product was chromatographed on silica 
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gel using chloroform for the elution to give 0.65 g of N-[[N-(benzyIoxycarbonyl)-L-phenylalanyl]methyl]-L- 
proline tert.butyl ester as a solid of melting point 98-99 * C. 

Example 2 

5 

1.5 g (3.22 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]m8thyl>L-proline tert.butyl ester were 
hydrogenated in 10 ml of ethyl acetate and 5 ml of isopropanol in the presence of 0.15 g of 5% palladium- 
on-carbon and 1.223 g (6.44 mmol) of toluene-4-sulphonic acid and the product was coupled with 1.24 g 
(3.27 mmol) of N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine in the presence of 0.442 g (3.27 mmol) of 

w hydroxybenzotriazole, 0.675 g (3.27 mmol) of dicyclohexylcarbodiimide and 0.753 g (6.55 mmol) of N- 
ethylmorpholine in a an analogous manner to that described in Example 1. After working-up there was 
obtained 0.34 g of a solid which was chromatographed on silica gel using 5% isopropanol in dich- 
loromethane for the elution. There were obtained 310 mg of N-[[N-[N-[N-(benzyloxycarbonyl)-L-leucyl] L- 
asparaginyl]-L-phenylalanyl]methyl]-L-proline tert.butyl ester; MS; m/e 694 [M + H] + . 

75 The N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine used as the starting material was prepared as 
follows: 

4.5 g (12.4 mmol) of N-(benzyloxycarbonyl)-L-leucine succinimide ester were dissolved in 40 ml of 
dimethylformamide and the solution was cooled in an ice/salt bath. A solution of 1.64 g (12.4 mmol) of L- 
asparagine in 3.1 ml (12.4 mmol) of 4M sodium hydroxide solution were added and subsequently 2 g (24.8 

20 mmol) of sodium bicarbonate were added. The mixture was stirred at room temperature for 18 hours. The 
solvent was removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjusted 
to about 9.5 with 2M sodium hydroxide solution and the mixture was extracted twice with 25 ml of diethyl 
ether each time. The pH of the aqueous solution was adjusted to 2.5 with 3M hydrochloric acid. The solid 
crystalline product which separated from the solution was filtered off, washed with diethyl ether and dried. 

25 There were obtained 3.5 g of N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine. 





Analysis for: Ci8H 2 <=N 3 0g (379.42). 




Calculated: 


C, 


56.98; 


H, 


6.64; 


N t 


1 1 .07% 


30 


Found: 


C, 


56.76; 


H, 


6.62; 


N, 


11.05%. 



Example 3 

0.71 g (1.52 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl}-L-proline tert.butyl ester was 
hydrogenated in the presence of 0.58 g (3.05 mmol} of tolucnc-4-sulphonic acid over 5% palladium-on- 
carbon and the product was coupled with 0,35 g (1.52 mmol) of N-(4-methylvaleryl)-L-asparagine in an 
analogous manner to that described in Example 1. The crude product was purified by chromatography on 
silica gel using isopropanol in ethyl acetate (5%-8% gradient) for the elution. There was obtained 0.23 g of 
N-[[N-[N-(4-methylvaleryl)-L-asparaginyl]-L-pheny!alanyl]methyl]-L-proline tert.butyl ester as a solid, MS: 
m/e 545 [M + H] + . 

The N-(4-methylvaleryl)-L-asparagine used as the starting material was prepared as follows: 
5.35 g (25 mmol) of 4-methylvaleric acid succinimide ester were dissolved in 40 ml of dimethylfor- 
mamide and the solution was added to a solution, cooled in ice, of 3.3 g (25 mmol) of L-asparagine in 6.25 
ml (25 mmol) of 4M sodium hydroxide solution and 5 ml of dimethylformamide. 5.5 g (65 mmol) of sodium 
bicarbonate were added and the mixture was stirred at room temperature for 18 hours. The solvent was 
removed by evaporation and the residue was taken up in 100 ml of water. The pH was adjusted to 3 with 
4M hydrochloric acid. The solvent was then removed by evaporation and the residue was taken up in 
methanol. Insoluble material was removed by filtration and the solvent was removed by evaporation. The 
crude product was chromatographed on silica gel using System D for the elution. There were obtained 900 
mg of N-(4-methylvaleryl)-L-asparagine as a solid: Rf (System D): 0.25. 

Example 4 

In an analogous manner to that described in Example 1, but using N-(tert.butoxycarbonyl)-L-asparagine 
in place of N-(benzyloxycarbonyl)-L-asparagine there was obtained N-[N-[[N-(tert.butoxycarbonyl)-L-as- 
paraginyl]-L-phenylalanyl]methyl]-L-proline tert.butyl ester in the form of a solid; MS: m/e 546 [M] + . 



15 



EP 0 346 847 B1 



Example 5 

1.3 g (2.79 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tertbutyl ester was 
hydrogenated in a mixture of 10 ml of ethyl acetate and 10 ml of isopropyl alcohol in the presence of 0.39 g 

5 of 5% palladium-on-carbon and 1.06 g (5.58 mmol) of toluene-4-sulphonic acid and the product was 
coupled with 0.62 g (2.78 mmol) of N-(benzyloxycarbonyI)-L-alanin8 in the presence of 0.572 g (2.78 mmol) 
of dicyclohexylcarbodiimide, 0.375 g (2.78 mmol) of hydroxybenzotriazole and 0.64 g (5.57 mmol) of N- 
elhylmorpholine in a manner analogous to that described in Example 1. After working-up and chromatog- 
raphy on silica gel using 3% isopropanol in dichloromethane for the elution there was obtained 0.55 g of N- 

w [[N-[N-(benzyloxycarbonyl)-L-alanyl]-L-phenylalanyl]methyl]-L-proline tertbutyl ester as a solid; MS: m/e 
538 [M + H] + . 

Example 6 

15 In a manner analogous to that described in Example 1. from N-[[N-(benzyloxycarbonyi)-L-phenylalanyl]- 
methyl]-L-proline tertbutyl ester and N-(benzyloxycarbonyl)-L-glutamine there was obtained N-[[N-[N- 
(benzyloxycarbonyl)-L-glutaminyl]-L-phenylalanyl]methyl]-L-proline tertbutyl ester; MS: m/e 595 [M + H] + . 

Example 7 

20 

0.45 g (0.77 mmol) of N-[N-[[N-(benzyloxycarbonyl)-L-asparaginyl]-L-phenylalany)]methyl]-L-proline 
tertbutyl ester, prepared as described in Example 1, was dissolved in 10 ml of isopropanol and the solution 
was stirred at room temperature for 45 minutes in the presence of 0.075 g (1.98 mmol) of sodium 
borohydride. The solvent was removed by evaporation and the residue was taken up in 50 ml of ethyl 

25 acetate and washed in sequence with water and saturated sodium chloride solution. After drying over 
sodium sulphate and evaporation there was obtained 0.43 g of a solid which was chromatographed on silica 
gel using 2% methanol in dichloromethane for the elution. There were obtained 80 mg of N-[3(S)-[[N- 
(benzyloxycarbonyl)-L-asparaginyl]amino]-2(S)-hydroxy-4-phenylbutyl]-L-proline tertbutyl ester as a solid; 
Rf (System B): 0.38; MS: m/e 583 [M + H] + , 

30 Further elution of the column with 5% methanol in dichloromethane yielded 70 mg of N-[3(S)-[[N- 
(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a solid: 
Rf (System B): 0.23; MS: m/e 583 [M + H]' . 

Example 8 

35 

0.3 g (0.45 mmol) of N-[[N-[N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparaginyl3-L-phenylalanyl]methyl]-L- 
proline tert.butyl ester, prepared as described in Example 2. in 10 ml of isopropanol was treated at room 
temperature with 40 mg (1.06 mmol) of sodium borohydride. After 1 hour the mixture was worked-up as 
described in Example 7. There was obtained 0.32 g of a solid which was chromatographed on silica gel 

40 using 3% methanol in dichloromethane for the elution. There were obtained 90 mg of N-[3(S)-[[N-[N- 
(benzyloxycarbonyl)-L-leucyl]-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl es- 
ter (isomer 1) as a solid; Rf (System A): 0.26; MS: m/e 696 [M + H] + . 

Further elution of the column with 5% methanol in dichloromethane yielded 70 mg of N-[3(S)-[[N-[N- 
(benzyloxycarbonyl)-L-leucyl]-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl es- 

45 ter (isomer 2) as a solid; Rf (System A): 0.19; MS: m/e 696 [M+ H]+. 

Example 9 

0.18 g (0.33 mmol) of N-[[N-[N-(4-methylvalGryl)-L-asparaginyl]-L-phenylalanyI]methyl]-L-proline 
so tert.butyl ester, prepared as described in Example 3, was reduced with 30 mg (0.80 mmol) of sodium 
borohydride in 10 ml of isopropanol as described in Example 7. The resulting two isomers of N-[2(R or S)- 
hydroxy-3(S)-[[N-(4-methylva!eryl)-L-asparaginyl]amino]-4-phenylbutyl]-L-proline tert.butyl ester were sepa- 
rated by chromatography on silica gel using methanol in chloroform (5%-8% gradient) for the elution. There 
were obtained 35 mg of isomer 1 in the form of a solid; Rf (System B): 0.2; MS: m/e 547 [M + H]\ and 27 
55 mg of isomer 2 in the form of a solid; Rf (System B): 0.15; MS: m/e 547 [M + H] + . 
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Example 10 

0.6 g (1.1 mmol) of N-[N-[[N-(t8rt.butoxycarbonyl)-L-asparaginyl]-L-phenylalanyl]rnethyl]-L-proline 
tert.butyl ester, prepared as described in Example 4. was reduced with 0.1 g (2.65 mmol) of sodium 
5 borohydride in 10 ml of isopropanol as described in Example 7. The two isomers were separated by 
chromatography on silica gel using System C for the elution. There were obtained 1 15 mg of isomer 1 of N- 
[3(S)-[[N-{tert.butoxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl es- 
Ler in the form of a solid; Rf (System D): 0.23; MS: m/e 549 [M + H] + , and 100 mg of isomer 2 in the form of 
a solid; Rf (System D): 0.15; MS: m/e 549 [M + H]". 

10 

Example 1 1 



0.45 g (0.84 mmol) of N-[[N-[N-(benzyloxycarbonyl)-L-alanyl]-L-phenylalanyl]methyl]-L-proline tert.butyl 
ester, prepared as described in Example 5, was reduced in 15 ml of isopropanol in the presence of 80 mg 

75 of sodium borohydride as described in Example 7. After working-up the two isomers were separated by 
chromatography on silica gel using System A for the elution. There were obtained 70 mg of isomer 1 of N- 
[3(S)-[[N-(benzyloxycarbonyl)-L-alanyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester in 
the form of a gum; Rf (System A): 0.38; MS: m/e 540 [M + H]\ and 50 mg of isomer 2 in the form of a gum; 
Rf (System A) 0.21 ; MS: m/e 540 [M + H] + . 

20 * 

Example 12 



0.55 g (0.93 mmol) of N-[[N-[N-(benzyloxycarbonyl)-L-glutaminyl]-L-phenylalanyl]methyl]-L-proline 
tert.butyl ester, prepared as described in Example 6, was reduced in 15 ml of isopropanol in the presence 
25 of 90 mg of sodium borohydride as described in Example 7. After working-up, the product was chromatog- 
raphed on silica gel using 2% methanol in chloroform for the elution. There were obtained 60 mg of isomer 
1 of N-[3(S)-[[N-(benzyloxycarbonyl)-L-glutaminyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-L-proline 
tert.butyl ester in the form of a solid; Rf (System B): 0.37; MS: m/e 597 [M + H] + , and 65 mg of isomer 2 in 
the form of a solid; Rf (System B): 0.25; MS: m/e 597 [M + H] + . 

30 

Example 13 

3 g (5.2 mmol) of N 2 -[N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl] L-prolyl]-N 1 - 
isobutyl-L-isoleucinamidewere taken up in 25 ml of ethyl acetate and 10 ml of isopropanol and hydroge- 
ns nated over 0.3 g of 5% palladium-on-carbon for 5 hours in the presence of 1.97 g (10.36 mmol) of toluene- 
4-sulphonic acid. The catalyst was filtered off and the filtrate was evaporated. The solid obtained was dried 
over phosphorus pentoxide under a high vacuum and coupled with 1.48 g (5.57 mmol) of N-(benzyloxycar- 
bonyl)-L-asparagine in an analogous manner to that described in Example 1 . 3.3 g of crude N 2 -[N-[3(S)-[[N- 
{benzyloxycarbonyl)-L-asparginyl]amino]-2(R and S)-hydroxy-4-phenylbutyl]-L-prolyl]-N 1 -isobutyl-L- 
40 isoleucinamide were obtained as a solid. The two isomers were separated by chromatography on silica gel 
using System F for the elution. There were obtained 90 mg of isomer 1 in the form of a solid; Rf (System 
F): 0.23; MS: m/e 695 [M + H] + , and 0.55 g of isomer 2 in the form of a solid; Rf (System F): 0.1 1 ; MS: m/e 
695 [M + H] + . 

The N 2 -[N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L-prolyl]-N 1 -isobutyl-L- 
45 isoleucinamide used as the starting material was prepared as follows: 

(i) A solution of 20.0 g of N-(benzyloxycarbonyl)-L-isoleucine and 9.6 ml of N-ethylmorpholine in 400 ml 
of tetrahydrofuran was cooled to -20 ' C and 9.8 ml of isobutyl chloroformate were added dropwise. The 
mixture was stirred for 5 minutes and then 5.52 g of isobutylamine were added dropwise. The mixture 
was stirred at -15 • C for 20 minutes and was then allowed to warm to room temperature. 20 ml of water 

so were added and the solution was then evaporated to dryness. The residue was partitioned between 200 
ml of water and 800 ml of ethyl acetate and the organic solution was washed with 200 ml of 5% citric 
acid solution, 200 ml of saturated sodium bicarbonate solution and 200 ml of water, dried over sodium 
sulphate and evaporated to dryness. The residue was triturated with diethyl ether to give 18.2 g of N 2 - 
(benzyloxycarbonyl)-NMsobutyl-L-isoleucinamide which was used in the next step without further pu- 
ss rification. 

(ii) A solution of 18.0 g of the above product in 200 ml of ethanol was hydrogenated over 1.0 g of 10% 
palladium--on-carbon for 5 hours. The catalyst was removed by filtration and the filtrate was evaporated 
to give 9.8 g of N 1 -isobutyl-L-isoleucinamide as a colourless oil which was used directly in the next step. 
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(iii) A solution of 17.3 g of N-(benzyloxycarbonyl)-L-proline succinimide ester and 9.35 g of N'-isobutyl-L- 
isoleucinamide in 120 ml of tetrahydrofuran was stirred at room temperature overnight. The solvent was 
removed by evaporation and the residue was partitioned between 200 ml of ethyl acetate and 250 ml of 
5% citric acid solution. The organic solution was dried over anhydrous sodium sulphate and evaporated 
to dryness. The residue was recrystallized from a mixture of ethyl acetate and n-hexane to give 13.6 g ol 
N 2 -[N-benzyloxycarbonyl)-L-proIylJ-N*-isobutyl-L-isoleucinamide as a white solid of melting point 87- 
88'C. 

(iv) A solution of 13.6 g of trie above product in 500 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon for 2 hours. The catalyst was removed by filtration and the filtrate was evaporated to 
give 9.10 g of N 2 -L-prolyl-N^sobutyl-L-iso!eucinamide as a colourless oil which was used without further 
purification. 

(v) A solution of 8.86 g of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide 6.71 g of N 2 -L-prolyl- 
N'-isobutyl-L-isoleucinamide and 2.60 g of triethylamine in 400 ml of dichloromethane was stirred at 
room temperature overnight. The solvent was removed by evaporation and the crude product was 
chromatographed on silica gel using ethyl acetate for the elution. The resulting product was triturated 
with a mixture of petroleum ether (b.p. 40-60 °C) and ethyl acetate to give 8.70 g of N y -[N-[[N- 
(benzyloxycarbonyO-L-phenylalanylJmethylJ-L-prolyll-N^isobutyl-L-isoleucinamide as an off-white solid of 
m.p. 80-81 "C. 

(vi) A solution of 3.5 g of ^-[[N^benzyloxycarbonyO-L-phenylalanylJmethylhL-prolylhN'-isobutyl-L- 
isoleucinamide in 200 ml of ethanol was treated with 1.0 g of sodium borohydride in a manner analogous 
to that described in Example 7 to give 7.1 g of N : -[N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4- 
phenylbutyl]-L-prolyl]-N 1 -isobutyl-L-isolcucinamide. 



Analysis for: 


C33H4 


bNaOs.O.S H2O 








Calculated: 


C, 


67.21; 


H, 


8.37; 


N, 


9.50% 


Found: 


C, 


67.29; 


H. 


8.31; 


N, 


9.47%. 



Example 14 

0.78 g (1.34 mmol) of N 2 -[N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L-pro]yl]- 
NMsobutyl-L-isoleucinamide was hydrogenated and the product was coupled with 0.53 g (1.39 mmol) of N- 
[N-(benzyloxycarbonyl)-L-leucyl]-L-asparagine in an analogous manner to that described in Example 1. 1.1 
g of crude N 2 -[N-[3(S)-[[N-[N-(benzyloxycarbonyl)-L-leucyl]-L-asparaginyl]amino]-2(R and S)-hydroxy-4- 
phenylbutyl]-L-prolyl]-NMsobutyl-L-isoleucinamidc were obtained as a solid. The two isomers were sepa- 
rated by chromatography on silica gel using System F for the elution. There were obtained 60 mg of isomer 
1 in the form of a solid; Rf (System C): 0.34; MS: m/e 808 [M] + , and 50 mg of isomer 2 in the form of a 
solid; Rf (System C) 0.24; MS: m/e 808 [M] + . 

Example 15 

0.275 g (0.473 mmol) of N-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-L-proline tert.butyl ester was taken up in 10 ml of isopropanol and hydrogenated for 18 hours over 50 
mg of 5% palladium-on-carbon in the presence of 0.18 g (0.94 mmol) of toluene-4-sulphonic acid. The 
catalyst was filtered off and the filtrate was evaporated. The resulting solid was dissolved in 10 ml of 
dichloromethane and the solution was cooled in an ice-bath. 50 mg (0.49 mmol) of acetic anhydride were 
added, followed by 0.10 g (0.99 mmol) of triethylamine and 0.2 ml of pyridine. The mixture was stirred at 
room temperature for 1 hour. The solvent was removed by evaporation and the residue was partitioned 
between ethyl acetate and water. The organic phase was washed with 5% sodium bicarbonate solution and 
with saturated sodium chloride solution and then dried over anhydrous sodium sulphate. The solvent was 
removed by evaporation to give 35 mg of N-[3(S)-[(N-acetyl-L-asparaginyl)amino]-2(R)-hydroxy-4-phenyl- 
butyl]-L-proline tert.butyl ester; Rf (System E): 0.28; MS: m/e 491 [M + H] 4 . 

Example 16 

1 g (2.14 mmol) of N-[3(S)-(benzyloxyformamido)-2-(R and S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
ester was taken up in 25 ml of methanol and hydrogenated over 250 mg of 5% palladium-on-carbon for 3 
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hours in the presence of 0.81 g (4.26 mmol) of toluene-4-sul phonic acid. The catalyst was filtered off and 
the filtrate was evaporated. The resulting solid was dried over phosphorus pentoxide under a high vacuum 
and then dissolved in 5 ml of tetrahydrofuran. 

0.566 g (2.134 mmoi) of N-(benzyloxycarbonyl)-L-leucine was taken up in 15 ml of tetrahydrofuran and 

5 cooled to -15" C. 0.245 g (2.134 mmol) of N-ethylmorpholine and 0.291 g (2.134 mmol) of isobutyl 
chloroformate were added. After 5 minutes the tetrahydrofuran solution prepared as described in the 
previous paragraph was added, followed by 0.451 g (4.27 mmol) of N-ethylmorpholine. The mixture was 
stirred at room temperature for 10 hours, the solvent was then removed by evaporation and the residue was 
partitioned between ethyl acetate and water. The ethyl acetate solution was washed with saturated sodium 

m bicarbonate solution and with saturated sodium chloride solution and then dried over anhydrous sodium 
sulphate. The solvent was removed under a vacuum to give 1 .5 g of crude N-[3(S)-[[N-(benzyloxycarbonyl)- 
L-leucyl]amino]-2-(R and S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as an oil. The two isomers 
were separated by chromatography on silica gel using 50% n-hexane in ethyl acetate for the elution. There 
were obtained 180 mg of isomer 1 of N-[3(S)-[[N-(benzyloxycarbonyl)-L-leucyl]amino]-2(R or S)-hydroxy-4- 

75 phenylbutyl]-L-proline tert.butyl ester as a crystalline material; Rf (System A): 0.34; MS: m/e 582 [M + H]\ 
and 70 mg of isomer 2 as a crystalline material; Rf (System A): 0.28; MS: m/e 582 [M + H] f . 

The N-[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester used as 
the starling material was prepared as follows: 

2 g (4.3 mmol) of N-[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-L-proline tert.butyl ester (prepared 

zo as described in Example 1) were dissolved in 25 ml of isopropanol, 25 ml of ethanol and 25 ml of methanol 
and the solution was stirred at room temperature for 4 hours in the presence of 0.4 g (10.7 mmol) of sodium 
borohydride. The solvent was removed by evaporation and the residue was partitioned between 50 ml of 
ethyl acetate and 25 ml of water. The organic phase was washed with saturated sodium chloride solution 
and dried over anhydrous sodium sulphate. The solvent was removed by evaporation and there were 

25 obtained 2 g of N-[3(S)-(benzyloxyformamido)-2(Rand S)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as 
a clear gum; Rf (System C): 0.68 and 0.57. 

Example 17 

30 1.5 g (3.12 mmol) of N z -[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-4-phenylbuty1]-N 1 -isopenty1-L- 
prolinamide were hydrogenated in 25 ml of methanol in the presence of 1.19 g (6.24 mmol) of toluene-4- 
sulphonic acid and 0.25 g of 5% palladium-on-carbon. After 3 hours the catalyst was filtered off and the 
filtrate was evaporated to give 2.1 g of a solid. This solid was dried over phosphorus pentoxide under a high 
vacuum and coupled with 0.8 g (3.12 mmol) of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous 

35 to that described in Example 1. There were obtained 1.45 g of N 2 -[3(S)-[[N-(beii2yloxycarbonyl)-L- 
asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-NMsopentyl-L-prolinamide as a crude product which 
was chromatographed on silica gel using System C for the elution. There were obtained 60 mg of isomer 1 
as a solid; Rf (System E); 0.58; MS: 596 [M + H]". and 0.25 g of isomer 2 as a solid. Rf (System E): 0.41; 
MS: m/e 596 [M + H] + . 

40 The N 2 -[3(S)-(benzyloxyformamido)-2(R or SHiydroxy-4-phenylbutyl>NMsopentyl-L-prolinamide used 
as the starting material was prepared as follows: 

(i) A solution of 15.0 g of N-(benzyloxycarbonyl)-L-proline succinimide ester and 4.15 g of isopentylamine 
in 100 ml of tetrahydrofuran was stirred at room temperature overnight. The solvent was removed by 
evaporation and the residue was taken up in 250 ml of ethyl acetate. The solution was washed with 250 

45 ml of 5% citric acid solution, two 250 ml portions of saturated sodium bicarbonate solution and 150 ml of 
saturated sodium chloride solution, dried over anhydrous sodium sulphate and evaporated to dryness. 
The residue was recrystalltzed from a mixture of ethyl acetate and n-hexane to give 11.1 g of N z - 
(benzyloxycarbonyl)-NMsopentyl-L-prolinamide as a white solid of melting point 1 10-1 12 ■ C. 

(ii) A solution of 5.73 g of NMbenzyloxycarbonyl)-NMsopentyl-L-prolinamide in 600 ml of ethanol was 
so hydrogenated over 0.8 g of 10% palladium-on-carbon catalyst for 3.75 hours. The catalyst was removed 

by filtration and the filtrate was evaporated to give 3.4 g of N'-isopentyl-L-prolinamide as an oil which 
was used without further purification. 

(iii) A solution of 3.4 g of N'-isopentyl-L-prolinamide. 6.78 g of [N-[benzyloxycarbonyl)-L-phenylalanyl> 
methyl bromide and 2.0 g of triethylamine in 360 ml of dichloromethane was stirred at room temperature 

55 overnight. The crude product was isolated in a manner analogous to that described in Example 1 and 
was recrystallized from a mixture of ethyl acetate and n-hexane to give 3.3 g of N 2 -[[N-(benzyloxycar- 
bonyD-L-phenylalanyllmethyll-N^isopentyl-L-prolinamide as a white solid of melting point 82-84 °C. 
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(iv) A solution of 0.96 g of N 2 -[[N-(benzyloxycarbonyl)-L-phenylalanyl]methyl]-N 1 -isopenty!-L-prolinarnide 
in 40 ml of ethanol was treated with 0.17 g of sodium borohydride in a manner analogous to that 
described in Example 2. The crude product was recrystallized from a mixture of diethyl ether and n- 
hexane to give 0.65 g of N 2 -[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-N 1 -isopentyl- 
5 L-prolinamide as a white solid of melting point 73-82 "C. 

Example 18 

0.58 g (1.24 mmol) of N 2 -[3(S)-(benzyloxyformamido)-2(R or SJ-hydroxy^-phenylbutylJ-NMert.butyl-L- 
w prolinamide was dissolved in 25 ml of methanol and hydrogen ated for 5 hours at room temperature in the 
presence of 0.472 g (2.48 mmol) of toluene-4-sulphonic acid and 0.1 g of 5% palladium-on-carbon. The 
catalyst was filtered off and the filtrate was evaporated. There was obtained 0.82 g of a solid which was 
dried over phosphorus pentoxide under a high vacuum and coupled with 0.322 g (1.21 mmol) of N- 
(benzyloxycarbonyl)-L-asparagine in dimethylformamide in a manner analogous to that described in Exam- 
75 pie 1. After working-up in a manner analogous to that described in Example 10 there was obtained 0.6 g of 
crude product which was chromatographed on silica gel using System C for the elution. There were 
obtained 225 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4 phenyl- 
butyll-NMert.butyl-L-proIinamide as a solid; MS: m/e 582 [M + H] + . 

The N 2 -[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-4-pheny)butyl]-NMert.buty I- L-prolinamide used 
20 as the starting material was prepared as follows: 

(i) 5.2 g (15 mmol) of N-(benzyloxycarbonyl)-L-proline succinimide ester and 1.63 g (22.3 mmol) of 
tert.butylamine were taken up in 50 ml of dichloromethane and the mixture was stirred at -8'C for 1 hour 
and then at room temperature for 18 hours. The solution was then washed with 5% citric acid solution, 
saturated sodium bicarbonate solution and saturated sodium chloride solution and dried over anhydrous 

25 sodium sulphate. After evaporation the solid was crystallized from ethyl acetate/n-hexane to give 3 g of 
N 2 -(benzyloxycaitK>nyl)-NMert.butyl-L-prolinamide; MS: m/e 305 [M + H] + . 

(ii) 2.5 g (8.22 mmol) of N^fbenzyloxycarbonylJ-N^tert.butyl-L-prolinamide in 25 ml of methanol were 
hydrogenated for 5 hours over 0.5 g of 5% palladium-on-carbon. The catalyst was removed by filtration 
and the solvent was removed by evaporation to give 1.4 g of an oil which crystallized upon standing in a 

30 refrigerator for several hours. 0.35 g (2.05 mmol) of this solid was added to a solution of 0.77 g (2.05 
mmol) of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide in 15 ml of dichloromethane and subse- 
quently 0.207 g (2.05 mmol) of triethylamine were added. The mixture was stirred at room temperature 
for 2 hours. The solvent was removed by evaporation and the residue was taken up in 25 ml of ethyl 
acetate. The solid was filtered off and discarded. The mother liquor was washed with water, saturated 

35 sodium bicarbonate solution and saturated sodium chloride solution and then dried over anhydrous 
sodium sulphate. After evaporation and crystallization from ether/n-hexane there was obtained 0.65 g of 
^-[[N-tbenzyloxycarbonyO-L-phenylalanynmethyU-N^tert.butyl-L-prolinamide in the form of a solid; MS: 
m/e 466 [M + H] + . 

(iii) 1.25 g (2.7 mmol) of ^-[[N-tbenzyloxycarbonylJ-L-phenylalanyllmethylJ-N^tert.butyl-L-prolinajnide 
40 was taken up in 25 ml of isopropanol and stirred for 4 hours at room temperature in the presence of 

0.255 g (C.7 mmol) of sodium borohydride. The solvent was removed by evaporation and the residue 
was partitioned between ethyl acetate and water. The organic layer was washed with saturated sodium 
chloride solution, dried over anhydrous sodium sulphate and evaporated. There were obtained 1.2 g of 
N 2 -[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy^-phenylbutyl]-NMert.butyl-L-prolinamide which was 
45 chromatographed on silica gel using System F for the elution. There were obtained 15 mg of isomer 1 as 
a gum; Rf (System F): 0.38: MS: m/e 468 [M + H]\ and 0.225 g of isomer 2 as a gum; Rf (System F): 
0.27; MS; m/e 468[M + H] + . 

Example 19 

50 

A solution of 474 mg of N-[3(S)-(benzyloxyformamido)-4-cyclohexyl-2(R or S)-hydroxybutyI]-L-proline 
tert.butyl ester in 100 m! of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon catalyst for 
3 hours. The catalyst was removed by filtration and the filtrate was evaporated to give 380 mg of an oil. 
This was coupled with 285 mg of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that 
55 described in Example 1. The crude product was chromatographed on silica gel using 7% methanol in 
dichloromethane lor the elution to give 30 mg of N-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-4- 
cyclohexyl-2(R or S)-hydroxybutyl]-L-proiine tert.butyl ester as a white solid of melting point 1 35-1 36 "C 
(isomer 1). 
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Similarly, 474 mg of the other isomer of N-[3(S)-(benzyloxyformamido)-4-cyclohexyl-2{R or S)-hydrox- 
ybutyl]-L-proline tert.butyl ester were hydrogenated and coupled with 285 mg of N-(benzyloxycarbonyl)-L- 
asparagine to give 90 mg of isomer 2, MS: m/e 589 [M + H] + . 

The N-[3(S)-benzyloxyformamido)-4-cycIohexyl-2-(R and S)-hydroxy butyl ]-L-proline tert.butyl ester used 
5 as the starting material was prepared as follows: 

(i) A solution of 19.6 g of IM-(benzyloxycarbonyl)-3-cyclohexyl-L-alanine in 60 ml of tetrahydrofuran was 
cooled to -1 0 " C and 8.9 ml of N-ethylmorpholine were added. 11.6 ml of isobutyl chloroformate were 
added dropwise and the mixture was stirred at -10 "C for a further 15 minutes. 250 ml of diethyl ether 
were added and the mixture was filtered. The filtrate was added to a cold solution of diazomethane in 
10 diethyl ether (prepared from 21.5 g of N-methyl-N-nitroso-4-toluenesulphonamide) and the mixture was 
stirred at room temperature for 1.5 hours. The solution was then washed with two 200 ml portions of 
water and with 200 ml of saturated sodium bicarbonate solution, dried over anhydrous sodium sulphate 
and evaporated to give 6.6 g of benzyl [2-cyclohexyM <S)-(2-diazoacetyl)ethyl] carbamate as a yellow oil 
which was used without further purification. 
75 (ii) A solution of 6.6 g of the above product in 60 ml of diethyl ether was stirred at room temperature 
while hydrogen chloride was bubbled through the solution for 30 minutes. The solvent was removed by 
evaporation and the resulting oil was crystallized from a mixture of diethyl ether and n-hexane to give 5.8 
g of [N-(benzyloxycarbonyl)-3-cyclohexyl-L-alanyl]methyl chloride which was used without further pu- 
rification. 

zo (iii) A solution of 4.4 g of the above product in a mixture of 90 ml of tetrahydrofuran and 10 ml of water 
was cooled to 0°C and 0.75 g of sodium borohydrido was added. The mixture was stirred at 0"C for 1 
hour and then evaporated to dryness. The residue was taken up in 100 ml of dichloromethane and 100 
ml of water, the aqueous layer was adjusted to pH 3 with concentrated hydrochloric acid and the organic 
layer was separated, dried over anhydrous sodium sulphate and evaporated. The residue was triturated 

25 with 200 ml of hot n-hexane and filtered off to give 2.65 g of 3(S)-(benzyloxyformamido)-1-chloro-4- 
cyclohexyl-2(R and S)-butanol as a white solid; MS: 339, 341 [M] + . 

(iv) 14 ml of 0.71 M ethanolic potassium hydroxide solution were added to a solution of 2.65 g of the 
above product in 60 ml of ethanol. The mixture was stirred at room temperature for 1 hour and then 
evaporated to dryness. The residue was partitioned between 100 ml of dichloromethane and 100 ml of 

30 water and the organic layer was dried over anhydrous sodium sulphate and evaporated. The residue was 
chramatographed on silica gel using 3% methanol in dichloromethane for the eiution. There were 
obtained 1.84 g of 3(S)-(benzyloxyformamido)-4-cyclohexyl-1 ,2(R and S)-epoxybulane as an oil; MS: m/e 
303 [M] + . 

(v) A solution of 1.84 g of the above product and 1.21 g of L-proline tert.butyl ester in 65 ml of methanol 
35 was heated under reflux for 24 hours. The mixture was evaporated to dryness and the crude product was 

chromatographed on silica gel using 5% methanol in dichloromethane for the eiution. There was 
obtained 0.41 g of N 2 -[3(S)-(benzyloxyformamido)-4-cyclohexyl-2{R or S)-hydroxybutyl]-L-proline 
tert.butyl ester (isomer 1) as a colourless oil; NMR (CDCI 3( 250 MHz) 5 0.78-1.0 (2H, m). 1.1-1.4 (5H, m), 
1.43 (9H, s), 1.55-1.7 (5H, m) 1.8-1.95 (4H, m), 2.03-2.15 (1H, m), 2.3-2.4 (1H, m) t 2.5 (1H, dd), 2.66 (1 H, 
ao t). 3.16-3.26 (2H, m) 3.55-3.7 (2H, m), 4.08 (1H : broad s), 5.02-5.15 (3H, m), 7.25-7.4 (5H, m). 

Further eiution with the same solvent system yielded 1.18 g of isomer 2 as a colourless oil; NMR 
(CDCI 3 , 300 MHz) 6 0.75-0.85 (1H, m), 0.9-1.0 <1H, m), 1.1-1.4 (5H, m), 1.43 (9H, s), 1.58-1.70 (5H, m), 
1.75-1.9 (5H, m). 2.05-2.18 (1H, m). 2.54-2.75 (3H. m). 3.05-3.15 (2H. m) : 3.45-3.52 (1H. m), 3.7-3.8 (1H, m), 
4.96-5.15 (3H, m). 7.3-7.38 (5H, m). 

45 

Example 20 

0.663 g (1.42 mmol) of N 2 -[3(S)-(benzyloxyformamido)-2(R and SJ-hydroxy^-phenyibutyfl-NMsobutyl-L- 
prolinamide was hydrogenated in 30 ml of methanol in the presence of 0.539 g (2.84 mmol) of toluene-4- 

so sulphonic acid and 0.1 g of 5% palladium-on-carbon, and the product was then coupled with 0.378 g (1.42 
mmol) of N-(benzyloxycarbonyl)-L-asparagine and worked-up as described in Example 1. The crude 
product was subjected to flash chromatography on silica gel using System F and there were obtained 80 
mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or SJ-hydroxy^-phenylbutylJ-N'-isobutyl- 
L-prolinamide (isomer 1) as a solid; Rf (System E) 0.46; MS: m/e 582 [M + H] + . 

55 The column was then eluted with System C to give 70 mg of isomer 2 as a solid; Rf (System E) 0.33; 
MS: m/e 582 [M + H] + . 

The N 2 -[3(S)-(benzyloxyformamido)-2(R and S)-hydroxy-4-phenylbutyl]-N 1 -isobutyl-L-prolinamide used 
as the starting material was prepared as follows: 
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(i) NMsobutyl-L-prolinamide was prepared as described in Example 17(i) using isobutylamine in place of 
isopentylamine. 

(ii) A solution of 1.5 g (3.98 mmol) of [N-(benzyloxycarbonyl)-L-phenylalanyl]methyl bromide, 0.678 g 
(3.98 mmol) of NMsobutyl-L-prolinamide and 0.402 g (3.98 mmol) of triethylamine in 30 ml of 

s dichloromethane was stirred at room temperature for 4 hours. The solvent was removed by evaporation 
and 50 ml of ethyl acetate were added. The resulting solid was removed by filtration and discarded. The 
filtrate was washed with water, sodium bicarbonate solution and saturated sodium chloride solution and 
then dried over anhydrous sodium sulphate. The solvent was removed by evaporation and the crude 
product was chromatographed on silica gel using chloroform for the elution to give 1.6 g of N 2 -[[N- 

io (benzyloxycarbonyl)-L-phenylalanyl]methyl] -N 1 -isobutyl-L-prolinamide as a solid; MS: m/e 466 [M + H] + . 

(iii) A solution of 0.7 g (1.5 mmol) of N 2 -[[N-(ben2yloxycarbonyl)-L-phenylalanyl]methyl]-N*-isobutyl-L- 
prolinamide in 20 ml of ethanol was treated with 0.143 g (3.75 mmol) of sodium borohydride at room 
temperature for 2 hours. The solvent was removed by evaporation and the residue was partitioned 
between ethyl acetate and water. The ethyl acetate phase was washed with saturated sodium chloride 

15 solution, dried over anhydrous sodium sulphate and evaporated to give 0.67 g of N 2 -[3(S)-(benzyloxyfor- 
mamido)-2(R and S)-hydroxy-4-phenylbutyl]-N 1 -isobutyl-L-prolinamide as a solid; Rf (System A) 0.39 and 
0.33; MS: m/e 467 [M] + . 

Example 21 

20 

A solution of 249 mg of N-[3(S)-[[L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
ester, 106 mg of 2-naphthoyl chloride and 72 mg of diisopropylethylamine in 10 ml of dry dichloromethane 
was stirred at 20 • C for 20 hours. The gelatinous reaction mixture was partitioned between dichloromethane 
and water. The organic phase was evaporated and the resulting oil was crystallized from ethyl acetate/n- 

25 hexane to give 215 mg of N-[2(R)-hydroxy-3{S)-[[N-(2-naphthoyl) L-asparaginyl]amino]-4-phenylbutyl]-L- 
proline tert.butyl ester, as a white solid; MS: m/e 603 [M ■+ H] + . 

The N-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyi]-L-pro!ine tert.butyl ester used as the 
starting material was prepared as follows: 

A solution of 1.75 g of N-[3(S)-[[N-(benzyloxycarbonyl-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 

30 butyl]-L-proline tert.butyl ester in 100 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 64 
hours. The catalyst was removed by filtration and the filtrate was evaporated. The residual gum was 
partitioned between ethyl acetate and 2M hydrochloric acid. The aqueous phase was made basic with dilute 
sodium hydroxide solution and extracted with ethyl acetate. The ethyl acetate extract was evaporated to 
give 1.14 g of N-[3(S)-t[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a 

35 white, solid foam; MS: m/e 449 [M + H] + . 

Example 22 

In a manner analogous to that described in Example 21, from 223 mg of N-[3(S)-[[L-asparaginyl]amino]- 
40 2(R)-hydroxy-4-phenylbutyl]-L-pro!ine tert.butyl ester, 95 mg of toluene-4-sulphonyl chloride and 65 mg of 
diisopropylethylamine there were obtained 170 mg of N-[2(R)-hydroxy-4-phenyl-3(SH[N-(p-toluenesul- 
phonyl)-L-asparaginyl]amino]butylK-proline tert.butyl ester as a white solid (from ethyl acetate/n-hexane): 
MS: m/e 603 [M + H] + 

45 Example 23 

In a manner analogous to that described in Example 21, from 223 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tert.butyl ester, 77 mg of phenylacetyl chloride and 65 mg of 
diisopropylethylamine there were obtained 190 mg of N-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(phenylacctyl)-L- 
50 asparaginyl]amino]butyl]-L-proline tertbutyl ester as a white solid (from ethyl acetate/n-hexane); MS: m/e 
567 [M + H] + . 

Example 24 

55 In a manner analogous to that described in Example 21, from 249 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tert.butyl ester, 94 mg of hydrocinnamoyl chloride and 72 mg of 
diisopropylethylamine there were obtained 214 mg of N-[3(S)-[(N-hydrocinnamoyl-L-asparaginyl)amino]-2- 
(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a white solid (from ethyl acetate/n-hexane); MS: m/e 
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581 [M + H] + . 
Example 25 

In a manner analogous to that described in Example 21, from 270 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tert.butyl ester, 114 mg of 1-naphthoyl chloride and 77 mg of 
diisopropylamine there were obtained, after chromatography on silica gel using 10% methanol in dich- 
loromethane for the elution. 130 mg of N-[2(R>-hydroxy-3(S)-[[N-(1-naphthoyl)-L-asparaginyl]amino]-4- 
phenylbutyl]-L-proline tert.butyl ester as a white solid; MS: m/e 603 [M + H] + . 

Example 26 

In a manner analogous to that described in Example 21. from 270 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] -L-proline tertbutyl ester. 100 mg of cinnamoyl chloride and 77 mg of 
diisopropylethylamine there were obtained, after chromatography on silica gel using 10% methanol in 
dichloromethane for the elution. 99 mg of N-[3(SH(N-cinnamoyl-L-asparaginyl)-amino]-2(R)- -hydroxy-4- 
phenylbuty I]- L-proline tert.butyl ester as a white solid; MS: m/e 579 [M + H] + . 

Example 27 

A solution of 270 mg of N-[3(S)-t[L-asparaginyl]amino-2(R)-hydroxy-4-phonylbutyl]-L-proline tert.butyl 
ester and 98 mg of 4-phenyl butyric acid in 10 ml of dry tetrahydrofuran was cooled in an ice/salt mixture. 
81 mg of hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide were 
added and the mixture was stirred for 64 hours. The mixture was then diluted with ethyl acetate and filtered. 
The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride solution. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using System G 
for the elution to give 79 mg of N-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(4-phenylbutyryl)-L-asparaginyl]amino]- 
buty I]- L-proline tert.butyl ester as a white solid; MS: m/e 595 [M + H] + . 

Example 28 

In a manner analogous to that described in Example 27, from 249 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 104 mg of 2-naphthylacetic acid, 75 mg of hydrox- 
ybenzotriazole, 64 mg of N-ethylmorpholine and 126 mg of dicyclohexylcarbodiimide there were obtained, 
after chromatography on silica gel using 10% methanol in dichloromethane for the elution. 62 mg of N-[2- 
(R)-hydroxy-3(S)-[[N-[(2-naphthyl)acetyl]-L-asparaginyl]aminoH-phenylbutyl]-L-proline tert.butyl ester as a 
white solid; MS: m/e 617 [M + H] + . 

Example 29 

In a manner analogous to that described in Example 27. from 270 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 108 mg of 4-methoxyhydrocinnamic acid, 81 mg of 
hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using System G for the elution, 113 mg of N-[2(R)-hydroxy-3- 
{S)-[[N-(4-methoxyhydrocinnamoyl)-L-asparaginyl]amino]-4-phenylbutyl]-L-proline tert.butyl ester as a white 
solid; MS: m/e 611 [M + H] + . 

Example 30 

0.179 g of dicyclohexylcarbodiimide, 0.016 g of hydroxybenzotriazole and 0.09 g of N-ethylmorpholine 
were added to a stirred solution of 0.238 g of N-[3(S)-amino-2(R or S)-hydroxy-5-methylhexyl]-L-proline 
tert.butyl ester and 0.210 g of N-(benzyloxycarbonyl)-L-asparagine in 10 ml of tetrahydrofuran at O'C. The 
mixture was stirred for 16 hours and then filtered. The filtrate was partitioned between ethyl acetate and 
water and the organic phase was then washed with sodium bicarbonate solution and sodium chloride 
solution. The organic phase was evaporated and the residue was chromatographed on silica gel using ethyl 
acetate/methanol (9:1) for the elution to given, after recrystallization from ethyl acetate/n-hexane, 0.13 g of 
N-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-5-methylhexyl)]-L-proline tert.butyl 
ester as a white solid; MS: m/e 549 [M + H] + . 
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The N-[3(S)-amino-2{R or S)-hydroxy-5-methylhexyl]-L-proline tert.butyl ester used as the starting 
material was prepared as follows: 

(i) A solution of 1.31 g of 3(S)-(benzy1oxyformamido)- 1 : 2(R or S>-epoxy-5-methylhexane and 0.855 g ol 
proline tert.butyl ester in 10 ml of dimethylformamide was stirred at 100"C for 16 hours and the solvent 
was then removed by evaporation. The residue was partitioned between ethyl acetate and watBr. The 
organic phase was washed with sodium chloride solution and evaporated. The residue was chrornatog- 
raphed on silica gel using ethyl acetate/acetic acid/ethanol (4:1:1) for the elution. Material having a Rf ol 
approximately 0.24 was re-chroinalographed on silica gel using System H for the elution to give 0.358 g 
of N-[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-5-methylhBxyl]-L-proline tert.butyl ester in the form 
of a colourless oil; MS: m/e 435 [M + H] + . 

<ii) A solution of 0.35 g of N-[3(S)-(benzyloxyformamido)-2(R or S)-hydroxy-5-methylhexyl)]-L-proline 
tert.butyl ester in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 16 hours. The 
catalyst was removed by filtration and the filtrate was evaporated to give 0.238 g of N-[3(S)-amino-2(R or 
S)-hydroxy-5-methylhexyl]-L-proline tert.butyl ester in the form of a colourless gum; MS: m/e 301 
[M + H] + . 

Example 31 

A solution of 0.28 g ol N-[3(SH[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
ester, and 0.083 g of benzyl isocyanate in 5 ml of dichloromethane was stirred at 20 °C for 2 hours. The 
solvent was then removed by evaporation and the residue was triturated with diethyl ether to give 0.174 g of 
N-[3(S)-[[N-(benzylcarbamoyl)-L -asparaginyl]amino]-2{R)-hydroxy-4-phcnylbutyl]-L-proline tert.butyl ester 
as a white solid; MS: m/e 582 [M + H] + . 

Example 32 

A solution of 0.28 g of N-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl 
ester, 0.124 g of 1 -adamantanecarbonyl chloride and 0.081 g of diisopropylethylamine in 5 ml of 
dichloromethane was stirred at 20 'C for 8 hours. A further 0.124 g of 1 -adamantanecarbonyl chloride and 
0.081 g of diisopropylethylamine were added and stirring was continued at 20' C for 16 hours. The solution 
was diluted with 20 ml of dichloromethane and washed in sequence with water, sodium carbonate solution, 
potassium bisulphate solution and sodium chloride solution. The organic solution was then evaporated and 
the residue was triturated with diethyl ether to give 0.2 g of N-[3(S)-[[N-(1-adamantylcarbonyl)-L-as- 
paraginyl]amino] -2(R)-hydroxy-4-phenylbutyi-L-proline tert.butyl ester as a white solid; MS: m/e 611 
[M + H] + . 

Example 33 

0.208 g of dicyclohexylcarbodiimide, 0.124 g of hydroxybenzotriazole and 0.106 g of N-ethylmorpholine 
v/ere added to a stirred solution of 0.315 g of IM^fStSJ-amino^RJ-hydroxy^-phenylbutyll-N^phenyl-L- 
prolinamide and 0.244 g of N-(benzyloxycarbonyl)-L-asparagine in 10 ml of tetrahydrofuran at 0*C. The 
mixture was stirred for 16 hours, then diluted with ethyl acetate and filtered. The filtrate was washed with 
sodium bicarbonate solution and sodium chloride solution and the solvent was then removed by evapora- 
tion. The residue was chromatographed on silica gel using dichloromethane/methanol (9:1) for the elution to 
give 0.22 g of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino] ^(RJ-hydroxy^phenylbutylJ-N'-phe- 
nyl-L-prolinamide in the form of a white solid of melting point 169-171 8 C (from methanol). 

The N^tSfSVamino^Ri-hydroxy^phenylbutyll-N^phenyl-L-prolinamide used as the starting material 
was prepared as follows: 

(i) 3.5 g of sodium borohydride were added to an ice-cooled stirred solution of 21 g of [N-(benzyloxycar- 
bonyl)-L-phenylalanyl]methyl chloride in 500 ml of aqueous tetrahydrofuran. Stirring was continued for 
0.5 hour and the solvent was removed by evaporation. The residue was partitioned between dich- 
loromethane and water and then carefully acidified with concentrated hydrochloric acid. After working-up 
the organic phase gave a white solid which ran as two spots; Rf 0.4 and 0.5 (5% methanol/chloroform). 
The solids were extracted with boiling hexane until all of the higher running component had been 
extracted. The combined n-hexane extracts were evaporated and the residue was re-extracted with 
boiling n-hexane to remove a small amount (0.5 g) of the lower running component. In this manner there 
were obtained 11.5 g of 3(S)-(benzyloxyformamido)-i-chloro-4-phenyl-2(S)-butanol of melting point 151- 
153°C (from ethyl acetate/n-hexane). 
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(ii) A solution of 11.4 g of 3(S)-(benzyloxyformamido)-1-chloro-4-phenyl-2(S)-butanol in 300 ml of ethanol 
containing 2.24 g of potassium hydroxide was left to stand for 15 minutes. The solvent was removed by 
evaporation and the residue was partitioned between water and dichloromethane. Working-up gave 1 0.1 
g of crude 3(S)-(benzyioxyformamido)-1 ,2(S)-epoxy-4-phenylbutane as an off-white solid which was used 
without further purification. 

{iii) A solution of 0.594 g of 3(SHbenzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane and 0.38 g of N 1 - 
phenyl-L-prolinamide in 5 ml of dimethylformamide was heated to 90 "C lor 16 hours and then to 120'C 
for 8 hours. The solvent was removed by evaporation and the residue was chromatographed on silica gel 
using diethyl ether/methanol (96:4) for the elution to give 0.48 g of N 2 -[3(S)-{benzyloxyformamido)-2(R)- 
hydroxy-4 -phenylbutyl]-N 1 -phenyI-L-prolinamide in the form of a white solid of melting point 133-135'C 
(from diethyl ether). 

(iv) A solution of 0.45 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -phenyl-L- 
prolinamide in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon for 4 hours to give 
0.315 g of ^-[SfSVamino^fR^hydroxy^-phenylbutytl-N^phenyl-L-prolinamide in the form of a white 
solid; MS:m/e354[M + H] + . 

Example 34 

In a manner analogous to that described in Example 33, from 0.987 mg of 2-[3(S)-(benzyloxyfor- 
mamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-1,2,3,4-tetrahydro-3(R,S)-isoquinolinecarbK3xamide. 0.665 
g of N-(benzyloxycarbonyl)-L-asparagine, 566 mg of dicyclohexylcarbodiimide, 0.337 g of hydroxyben- 
zotriazole and 0.287 g of N-ethylmorpholine there was obtained 0.5 g of 2-[3(S)-[[N-(benzyloxycarbonyl)-L- 
asparaginyljamino] -2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-1 1 2 ! 3,4-tetrahydro-3{R,S)-isoquinolinecarbox- 
amide as a pale cream foam; MS: m/e 644 [M + H]~. 

Example 35 

In a manner analogous to that described in Example 33, from 0.225 g of dicyclohexylcarbodiimide, 
0.135 g of hydroxy benzotriazole, 0.115 g of N-ethylmorpholine, 0.38 g of N 2 -[3(S)-amino-2(R)-hydroxy-4- 
phenylbutylJ-N^benzyl-L-prolinamide and 0.266 g of N-(benzyloxycarbony1)-L-asparagine there was ob- 
tained 0.056 g of N , -benzyl-N 2 -t3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-L-prolin amide as a white solid; MS: m/e 616 [M + H] 1 . 

Example 36 

A solution of 270 mg of N-[3(S)-(benzyloxyformamido)-4-(4-fluorophenyl)-2(R)-hydroxybutyl]-L-proline 
tert.butyl ester in 50 ml of ethanol was hydrogenated over 30 mg of 10% palladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupled with 
158 mg of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that described in Example 1. The 
crude product was chromatographed on silica gel using 10% methanol in dichforo methane for the elution. 
There were obtained 120 mg of N-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-4-(4-fluorophenyl)-2- 
(R)-hydroxybutyl]-L-proline tert.butyl ester as a white solid of melting point 163-1 64 *C. 

The N-[3(S)-(benzyloxyformamido)-4-(4-fluorophenyl)-2(R)-hydroxybutyl]-L-proline tert.butyl ester used 
as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 19(i), 7.70 g of N-(benzyloxycarbonyl) 3-(4- 
fluorophenyl)-DL-alanine were treated with isobutyl chloroformate followed by reaction with diazom ethane 
to give 7.15 g of benzyl [2-(4-fluorophenyl)-1{RS)-(2-diazoacetyl)ethyl] carbamate as a yellow solid of 
melting point 97 *C. 

(ii) Treatment of the above product with hydrogen chloride in a manner analogous to that described in 
Example 19(h) gave 6.70 g of [N-(benzyloxycarbonyl)-3-(4-fluorophenyl)-DL-alanyl]methyl chloride which 
was used without further purification. 

(iii) Reduction of 6.30 g of the above product with sodium borohydride in a manner analogous to that 
described in Example 19(iii) gave 5.83 g of a mixture of alcohols. This mixture was chromatographed on 
a column of silica gel using 2% methanol in dichloromsthane for the elution to give 0.95 g of threo-3- 
(benzyloxyformamido)-1-chloro-4-(4-fluorophenyl)-2-butanol as a white solid. Further elution of the col- 
umn with the same solvent system gave 3.25 g of erythro-3-(benzyloxyformamido)-1-chloro-4-(4- 
fluorophenyl)-2-butanol as a white solid of melting point 148-1 49 °C. 
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(iv) Treatment of 3.20 g of erythro-3-(ben2yloxyformamido)-1-chloro-4-{4-fluorophenyl)-2-butanol with 
ethanolic potassium hydroxide solution in a manner analogous to that described in Example I9(iv) gave 
2.03 g of erythro-3-(benzyloxyformamido)-1,2-epoxy-4-(4-fluorophenyl)bLrtane as a white solid; MS: m/e 
315 [M] + . 

(v) 0.63 g of the above product was treated with L-proline tert.butyt ester in a manner analogous to that 
described in Example 19(v). The crude product was chromatographed on a column of silica gel using 
5% methanol in dichloromethane for the elution. There was obtained 0.26 g of N-[3(R)-(benzyloxyfor- 
mamido)-4-(4-fluorophenyl)-2(S)-hydroxybutyl]-L-proline terl.butyl ester as a colourless oil; NMR (CDCfe . 
300 MHz) 5 1.47 (9H,s), 1.75-1.95 (4H,m), 2.05-2.15 (IH.m), 2.25-2.35 (1H.M), 2.50-3.00 <4H,m). 3.20 
<2H,m). 3.58 (lH,m), 3.85 (1H.m), 4.88 (IH.d). 5.00 (2H.dd), 6.94 (2H,t). 7.13-7.37 (7H,m). 

Further elution with the same solvent system yielded 0.275 g of N-[3(S)-(benzyloxyformamido)-4-(4- 
fluorophenyl)-2(R)-hydroxybutyl]-L-proline tert.butyl ester as a colourless oil; NMR (CDCb, 300 MHz) 5 1.42 
(9H,s), 1.75-1.95 (4H ) m). 2.05-2.20 (lH,m), 2.54-2.80 (3H,m), 2.85-2.98 <2H,m), 3.03-3.24 (2H,m), 3.44 
(1H.m), 3.92 (1H.m) t 4.88-5.06 (3H,m). 6.93 (2H,t), 7.10-7.40 (7H.m). 

Example 37 

A solution of 730 mg of N-[3(S)-(benzyloxyfarmamido)-2(R)-hydroxy-4-(4-methoxyphenyl)butyl]-L-proline 
tert.butyl ester in 20 ml of ethanol was hydrogenated over 50 mg of 10% palladium-on-carbon for 2 hours. 
The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was coupled with 
340 mg of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that described in Example 1. The 
crude product was chromatographed on a column of silica gel using 10% methanol in dichloromethane for 
the elution. There were obtained 82 mg of N-[3{S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)- 
hydroxy-4-(4-methoxyphenyl)butyl]-L-proline tert.butyl ester as a white solid; MS: m/e 613 [M + H1+. 

The N-[3(S)-(benzyloxyformamido)-2{R)-hydroxy 4-(4-methoxyphenyl)butyl]-L-proline tert.butyt ester 
used as the starting material was prepared as follows; 

(i) In a manner analogous to that described in Example 19(i), 3.10 g of N-(benzyloxycarbonyl)-3-(4- 
methoxyphenyl)-L-alanine were treated with isobutyl chloroformate followed by diazomethane to give 
2.83 g of benzyl [2-{4-methoxyphenylH(S)-(2-diazoacetyl)ethyl] carbamate as a pale yellow solid of 
melting point 88-90 * C. 

(ii) 2.80 g of the above product were treated with hydrogen chloride in a manner analogous to that 
described in Example I9(ii) to give 2.85 g of [N-(benzyloxycarbonyl)-3-(4-methoxyphenyl)-L-alanyl]- 
methyl chloride as a white solid of melting point 107 °C. 

(iii) The above product was treated with sodium borohydride in a manner analogous to that described in 
Example 19(iii). The crude product was triturated with 30 ml of 5% methanol in dichloromethane to give 
1.15 g of 3(S)-(benzyloxyformamido)-1-chIoro-4-(4-mBthoxyphenyl)-2(S)-butanol as a white solid; MS: 
m/e 363, 365 [M]+. 

(iv) The above product was treated with ethanolic potassium hydroxide solution in a manner analogous to 
that described in Example 19(iv) to give 0.86 g of 3(S)-(benzyloxyformamido)-1,2(S)-spoxy-4-(4-methox- 
yphenyl)butane as a white solid of melting point 86-87 "C. 

(v) 0.51 g of the above product was treated with L-proline tert.butyl ester in a manner analogous to that 
described in Example 19(v) to give 0.63 g of N-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-(4-methox- 
yphenyl)butyl]-L-proline tert.butyl ester as a colourless oil; MS: m/e 498 [M] + . 

Example 38 

A solution of 1.58 g of N 2 -[3(S)-(benzyloxyformamido)-4-(4-tert.butoxyphenyl)-2(R)-hydroxybutyl>N 1 - 
tert.butyl-L-prolinamid9 in 200 ml of ethanol was hydrogenated over 100 mg of 10% palladium-on-carbon 
for 4 hours. The catalyst was removed by filtration and the filtrate was evaporated to give an oil which was 
coupled with 0.74 g of N-(benzyloxycarbonyl)-L-asparagine in a manner analogous to that described in 
Example 1. The crude product was chromatographed on a column of silica gel using 10% methanol in 
dichloromethane for the elution. There was obtained 0.59 g of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L- 
asparaginyl]amino]-4-(4-tert.butoxyphenyl)-2(R)-hydroxybutyl}-N -tert.butyl-L-prolinamide as a white solid; 
MS: m/e 654 [M + H] + . 

The N 2 -[3{S)-(benzyloxyformamido)-4-(4-tert.butoxyphenyl)-2(R)-hydroxybutyl]-N 1 -tert.butyl-L-pro- 
linamide used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 19(i), N-(benzyloxycarbonyl)-3-(4- 
tert.butoxyphenyi)-L-alanine (prepared from 7.45 g of the dicyclohexylammonium salt) was treated with 
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isobutyl chloroformate followed by reaction with diazomethane to give 3.58 g of benzyl [2-(4- 
tert.butoxyphenyl)-1(S)-(2-diazoacetyl)ethyl] carbamate as a yellow solid of melting point 80-82 -C. 
(ii) Treatment of the foregoing carbamate with hydrogen chloride in a manner analogous to that 
described in Example 19(ii) gave 3.6 g of [N-(benzyloxycarbonyl)-3-(4-tert.butoxyphenyl)-L-alanyl]methyl 
chloride which was used without further purification. 

(Hi) Reduction of the foregoing chloride with sodium borohydride in a manner analogous to that described 
in Example 19{iii) gave a mixture of alcohols which was triturated with hot n-hexane to give 3.14 g of a 
white solid. This solid was recrystallized from a mixture of ethyl acetate and n-hexane to give 1 .88 g of 
3(SHbenzyloxyformamido)-4-(4-tert.butoxyphenyl)-1-chloro-2(S)-butanol as a white solid; NMR (CDCI 3) 
250 MHz) 8 1.35 (9H,s), 2.85-3.05 (3H,m). 3.50-3.70 (2H.m), 3.80-3.90 (iH.m). 3.92-4.04 (1 H,m), 4.85 
(1H.d). 5.00-5.10 (2H,m). 6.93 <2H.d). 7.10 (2H.d), 7.25-7.40 (5H,m). 

(iv) 5.52 g of the above product were treated with ethanolic potassium hydroxide solution in a manner 
analogous to that described in Example 19(iv) to give 4.98 g of 3(S)-(benzyloxyformamido)-4-(4- 
tert.butoxyphenyl)-1.2(S)-epoxybutane as a colourless gum; NMR (CDCI 3f 250 MHz) B 1.36 (9H.s). 2.75- 
3.05 (5H : m), 3.76 (1 H,m). 4.73 <1H,d), 5.07 (2H,s), 6.95 (2H,d). 7.10 (2H.d), 7.25-7.40 (SH.rn). 

(v) 2.50 g of the above product were treated with NMert.butyl-L-prolinamide in a manner analogous to 
that described in Example 19(v) to give 1.58 g of N 2 -[3(S)-(benzyloxyformamido)-4-(4-tert.butoxyphenyl)- 
2(R)-hydroxybutyl>NMert.butyl-L-prolinamide as a colourless oil; MS: m/e 539 [M] + . 

Example 39 

A solution of 200 mg of N z -[3(S)-[[N-{benzyloxycarbonyl)-L-asparaginyl]amino]-4-(4-tcrt.butoxyphenyl)-2- 
(R)-hydroxybutyl]-NMert.butyl-L-prolinamide in 5 ml of trifluoroacetic acid was stirred at room temperature 
for 20 hours. The solution was poured into excess saturated sodium hydrogen carbonate solution and the 
mixture was extracted with three 30 ml portions of dichloromethane and three 30 ml portions of ethyl 
acetate. The combined extracts were dried over anhydrous sodium sulphate and evaporated to give 100 mg 
of a colourless gum. This was chromatographed on a column of silica gel using 10% methanol in 
dichloromethane for the elution to give 42 mg of a glass-like solid. This solid was triturated with a mixture of 
1 mi of diethyl ether and 3 ml of n-hexane to give 28 mg of N 2 -[3(S)-[[N-{benzyioxycarbonyl)-L-asparaginyi> 
amino]-2{R)-hydroxy-4-(4-hydroxyphenyl)butyl]-N 1 -tert.butyl-L-prolinamide trifluoroacetate as a glass-like 
solid; MS: m/e 598 [M-CF 3 C0 2 r. 

Example 40 

In a manner analogous to that described in Example 1, from N 2 -[3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutyl]-NMert.butyl-L-prolinamide and N-(benzyloxycarbonyl)-L-aspartic acid 4-methyl ester 
there was obtained N 2 -[3(S)-[[N-(benzyloxycarbonyl)-4-0-metfiyl-L-Q-aspartyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-NMert.butyl-L-prolinamide as a glassy solid of melting point 55-60 *C; MS: m/e 597 [M + H] + . 

Example 41 

In a manner analogous to that described in Example 1, from N 2 -[3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutyl]-NMert butyl-L-prolinamide and N-(benzyloxycarbonyl)-L-methionine there was ob- 
tained N^ISfSHtN-fbenzyloxycarbonyO-L-methionyljaminol^tRJ-hydroxy^-phenylbutyll-N^tert.butyl-L-pro- 
linamide as a white solid of melting point 132-1 33 °C. 

Example 42 

N 2 -[3(SH[N,3-bis(Benzyloxycarbonyl)-L-N^ 
prolinamide was prepared from N 2 -[3{S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L- 
prolinamide and N,3-bis(benzyloxycarbonyl)-L-histidine in an analogous manner to that described in Exam- 
ple 1 and was obtained as a colourless glass; MS: m/e 739 [M + H]~. 

Example 43 

A solution of 30 mg of N z -[3(S)-[[N,3-bis(benzyloxycarbonyl)-L-histidyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-NMert.butyl-L-prolinamide in 6 ml of 2M hydrochloric acid was stirred at room temperature overnight. 
The mixture was neutralized by the addition of 2M sodium hydroxide solution and extracted with two 10 ml 
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portions of dichloromethane. The combined extracts were dried over anhydrous sodium sulphate and 
evaporated. The crude product was triturated with diethyl ether to give 14 mg of N 2 -[3(S)-[[N-(benzyloxycar- 
bonylJ-L-histidyllaminol^RJ-hydroxy-A-phenylbutylJ-N^tert.butyl-L-prolinamide as a white solid of melting 
point 100 "C (decomposition); MS: m/e 604 [M] + . 

5 

Example 44 

In a maniiBr analogous to that described in Example 21, from 224 rng of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 70 mg of benzoyl chloride and 65 mg of 
io diisopropyiethylamine there were obtained, after chromatography on silica gel using 10% methanol in 
dichloromethane for the elution, 20 mg of N-[3(S)-[(N-benzoyl-L-asparaginyl)amino]-2(R)-hydroxy-4-phenyl- 
butylR-proline tert.butyl ester as a white solid from methanol/diethyl ether: MS: m/e 553 [M + H] + . 

Example 45 

75 

In a manner analogous to that described in Example 27, from 224 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 93 mg of 1-naphthy I acetic acid, 68 mg of hydroxyben- 
zotriazole, 58 mg of N-ethylmorpholine and 113 mg of dicyclohexylcarbodiimide there were obtained, after 
chromatography on silica gel using 10% methanol in dichloromethane for the elution, 106 mg of N-[2(R)- 
20 hydroxy-3(S)-[[N-[2-(1-naphthyl)acetyl]-L-asparaginyl]amino]-4-phenylbutyl]-L-proline tert.butyl ester as a 
white solid from methanol/diethyl ether; MS: m/e 617 [M + H] + . 

Example 46 

25 In a manner analogous to that described in Example 27, from 493 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2{R)-hydroxy-4-phenylbuty!]-L-proline tert.butyl ester, 190 mg of quinaldic acid, 149 mg of hydroxyben- 
zotriazole, 127 mg of N-ethylmorpholine and 249 mg of dicyclohexylcarbodiimide there were obtained, after 
chromatography on silica gel using 10% methanol in dichloromethane for the elution, 167 mg of N-[2(R)- 
hydroxy-4 phenyl-3(S)-[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]-L-proiine tert.butyl ester as a 

30 white solid from methanol/diethyl ether; MS: m/e 604 [M+H] + . 

Example 47 

In a manner analogous to that described in Example 27, from 234 mg of N-[3(S)-[[L-asparaginyl]amino]- 
35 2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 96 mg of 4-chlorohydrocinnamic acid. 70 mg of 
hydroxybenzotriazole, 60 mg of N-ethylmorpholine and 118 mg of dicyclohexylcarbodiimide there ware 
obtained, after chromatography on silica gel using System G for the elution : 171 mg of N-[3(S)-[[IM-(4- 
chlorohydrocinnamoyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester as a white 
solid; MS; m/e 615 [M + H] + . 

40 

Example 48 

In a manner analogous to that described in Example 27, from 234 mg of N-[3(S)-[[L-asparaginyl]amino]- 
2{R)-hydroxy-4-phenylbutyl]-L-proline tert.butyl ester, 90 mg of 1-isoquinolinecarboxylic acid, 70 mg of 
45 hydroxy benzotriazole. 60 mg of N-ethylmorpholine and 118 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using 10% methanol in dichloromethane for the elution, 146 
mg of N-[2(R)-hydroxy-3(S)-[[N-{1-isoquinolylcarbonyl)-L-asparaginyl]amino]-4-phenylbutyl]-L-prolinB 
tert.butyl ester as a pale cream solid from ethyl acetate/n-hexane; MS: m/e 604 [M + H] + . 

so Example 49 

In a manner analogous to that described in Example 21 , from 209 mg of N 2 -[3(S)-[[L-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide. 89 mg of 2-naphthoyl chloride and 61 mg of 
diisopropyiethylamine there were obtained 191 mg of N 1 -tert.butyl-N 2 -[2(R)-hydroxy-3(S)-[[N-(2-naphthoyl)- 
55 L-asparaginyl]amino]-4-phenylbutyl)-L-prolinamide as a white solid: MS: m/e 602 [M + H] + . 

The starting material was prepared by hydrogenating N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]- 
aminoKCRl-hydroxy^-phenylbutylJ-N^tert.butyl-L-prolinamtde: MS: m/e 582 [M + H] + . The latter compound 
was obtained in a manner analogous to that described in Example 33. but using NMert.butyi-L-prolinamide 
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in paragraph (iii) in place of N'-phenyl-L-prolinamide. 
Example 50 

A solution of 2.798 g of 1-[3{S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-octahydro-cyclopenta[b> 
pyrrole-2-carboxamidB (four diastereomers) and 2.72 g of N-(benzyloxycarbonyl)-L-asparagine succinimide 
ester in 50 ml of dimethoxyethane was stirred at 20 "C for 2 hours and the solvent was then removed by 
evaporation. The residue was taken up in elhyl acetate and the solution was washed with aqueous sodium 
carbonate solution and sodium chloride solution. The organic solution was evaporated and the residue was 
chromatographed on silica gel using System G for the elution. There were obtained 434 mg of 1-[3(S>-[[N- 
(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-octahydro-(3aS.6aS)- 
cyclopenta[b]pyrrole-2(S)-carboxamide as a white solid from ethyl acetate; MS: m/e 622 [M + H] f ; Rf: 0.22. 

The 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-octahydro-cyclopenta[b]pyrrole-2(S)-carbox- 
amide used as the starting material was prepared as follows: 

(i) A solution of 2.98 g of 3(S)-(benzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane and 2.1 g of N- 
tert.butyl-octahydro-cyclopentatb]pyrrole-2-carboxamide in 50 ml of ethanol was heated at reflux for 10 
hours and the solvent was then removed by evaporation. Chromatography on silica gel using System H 
for the elution then gave 4.7 g of 1 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
octahydro-cyclopenta[b]pyrrole-2-carboxamide as a mixture of four diastereomers: MS: m/e 508 [M + H] + . 

(ii) A solution of 4.6 g of 1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-oc- 
tahydro-cyclopenta[b]pyrrole-2-carboxamide (four diastereomers) in 90 ml of ethanol was hydrogenated 
over 10% palladium-on-carbon at 20 "C and under atmospheric pressure for 72 hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 2.958 g of 1 -[3(S)-amino-2{R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-octahydro-cyclopenta[b]pyrrole-2-carboxamide (four diastereomers) as a brown- 
ish oil; MS: m/e 508 [M + H] + . 

Example 51 

In a manner analogous to that described in Example 27, from 310 mg of 1-[3(S)-[[L-asparaginyl]amino}- 
2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-octahydro-(3aS,6aS)-cyclopenta(b)pyrrole-2(S)-carboxamide, 111 
mg of quinaldic acid. 86 mg of hydroxybenzotriazole, 74 mg of N-ethylmorpholine and 132 mg of 
dicyclohexyJcarbodiimide there were obtained, after chromatography on silica gel using dich- 
loromethane/methanol (9:1) for thB elution, 200 mg of N-tert.butyl-octahydro-1-[2(R)-hydroxy-4-phenyl-3(S)- 
[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]-(3aS,6aS)-cyclopenta[b]pyrrole-2(S)-carboxamide as a 
white solid; MS: m/e 643 [M + H]*. 

The 1-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-ph8nylbutyl]-N-tert.butyl-octahydro-(3aS l 6aS)- 
cyclopenta[b]pyrrole-2(S)-carboxamide used as the starting material was prepared as follows: 

A solution of 397 mg of 1-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-N-tert.butyl-octahydro-(3aS,6aS)-cyclopenta[b]pyrrole-2(S)-carboxarnide in 20 ml of ethanol was hy- 
drogenated over 10% palladium-on-carbon at 20 "C and under atmospheric pressure for 4 hours. The 
catalyst was removed by filtration and the filtrate was evaporated to give 312 mg of 1-[3(SH[L-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert^ 
as a pale yellow gum: MS: m/e 488 [M + HJ*. 

Example 52 

In a manner analogous to that described in Example 27, from 295 mg of N 2 -[3(SH[L-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide, 204 mg of 6-(benzyloxycarbonyl)-2-naph- 
thoic acid, 20 mg of hydroxybenzotriazole, 77 mg of N-ethylmorpholine and 151 mg of dicyclohcxylcar- 
bodiimide there were obtained, after chromatography on silica gel using System G for the elution, 340 mg 
of N z -[3(S)-[[N-[6-(benzyloxycarbonyI)-2-nap^ 

tert.butyl-L-prolinamide as an off-white solid from ethyl acetate/n hexane; MS: m/e 736 [M + HJ*. 
Example 53 

294 mg of N 2 -[3(S)-[[N-[6-(benzyloxycarbonyl)-2-naphthoyl]-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-NMert.butyl-L-prolinamide in 100 ml of isopropanol was hydrogenated over 10% palladium-on- 
carbon at 20 'C and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and 
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the filtrate was evaporated to give 145 mg of N 2 -[3(S)-[[N-(6-carboxy-2-naphthoyl)-L-asparaginyl]amino]-2- 
(Rl-hydroxy-^phenylbutylJ-N^tert-butyl-L-prolinamide as a white solid from methano l/ethyl acetate; MS: m/e 
646 [M + H] + . 

Example 54 

In a manner analogous to that described in Example 27, from 295 mg of N 2 -[3(S)-[[L-asparaginyl]- 
amino>2(R)-hydroxy-4-pliBnylbutyl]-N 1 -tert.butyl-L-prolinamide 1 171 mg of 4-(benzyloxycarbonyl)benzoic 
acid, 90 mg of hydroxybenzotriazole, 77 mg of N-ethylmorpholine and 151 mg of dicyclohexylcarbodiimide 
there were obtained, after chromatography on silica gel using System G for the elution, 390 mg of N 2 -[3(S)- 
[[N-[4-(benzyloxycarbonyl)benzoyl]-L-asparaginy 

prolinamide as an off-white solid from ethyl acetate/n-hexane; MS: m/e 686 [M + H] 4 . 
Example 55 

274 mg of N y -[3(S)-[[N-[4-(benzyloxycarbonyl)benzoyl]-L-asparaginyl]amino]-2{R)-hydroxy-4-phenyl- 
b uty l-N 1 -tertbuty I- L- prolinamide in 100 ml of isopropanol were hydrogenated over 10% palladium-on-carbon 
at 20 °C and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and the 
filtrate was evaporated to give 193 mg of N 2 -[3(S)-[[N-(4-carboxybenzoyl)-L-asparaginyl]amino]-2(R)- 
hydroxy-4-phenylbutyl^N*-tert.butyl-L-profinamide as a white solid from methanol/ethyl acetate; MS: m/e 
596 [M + H] + . 

Example 56 

In a manner analogous to that described in Example 27, from 228 mg of N 2 -[3(S)-[[L-asparaginyl]- 
amino>2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide, 98 mg of 4-nitrocinnamic acid, 69 mg of 
hydroxybenzotriazole, 59 mg of N-ethylmorpholine and 116 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 68 mg of 
W-tert.butyl-N^fRJ-hydroxy^SHtN-^^ 

as a white solid from methanol/diethyl ether; MS: m/e 623 [M +H] + . 
Example 57 

A solution of 200 mg of N 1 -tert.butyl-N 2 -[2(R)-hydroxy-3(S)-[[N-(4-nitrocinnamoyl)-L-asparaginyl]amino> 
4-phenylbulyl]-L-prolinamide in 20 ml of ethanol was hydrogenated over 10% palladium-on-carbon at 20 'C 
and under atmospheric pressure for 5 hours. The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was chromatographed on silica gel using dichloromethane/methanol (9:1) for the 
elution to give 40 mg of N 2 -[3(S)-[[N-(4-aminohydrocinnamoyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-NMert.butyl-L-prolinamide as a white solid from methanol/ethyl acetate; MS: m/e 595 [M + H] 4 . 

Example 58 

In a manner analogous to that described in Example 27, from 418 mg of N ? -[3(S)-[[L-asparaginyl]- 
aminoKfRl-hydroxy^-phenylbutylJ-N^tert.butyl-L-prolinamide. 205 mg of 1 -acety 1-1.2, 3,4-tetrahydro-2- 
(R.S)-quinoline-carboxylic acid, 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg 
of dicyclohexylcarbodiimide there were obtained, after purification by chromatography on silica gel using 
dichloromethane/methanol (9:1) for the elution, 220 mg of N 2 -[3(S)-[[N-[(1 -acety I- 1,2,3, 4-tetrahydro-2{RS)- 
quinolyOcarbonyll-L-asparaginyllaminol^RJ-hydroxy^-phenylbutyl-N'-tert.butyl-L-prolinamide (two dia- 
stereomers) as a white solid from dichloromcthane/diethyl ether; MS: m/c 649 [M + H] + . 

Example 59 

In a manner analogous to that described in Example 27, from 418 mg of N 2 -[3(S)-[(L-asparaginyl)- 
amino>2(R)-hydroxy-4-phenylbutyl}-N 1 -tert.butyl-L-prolinamide, 179 mg of 1,2,3,4-tetrahydro-1-oxo-3(RS)- 
isoquinolinecarboxylic acid, 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg of 
dicyclohexylcarbodiimide there were obtained, after chromatography on silica gel using System I for the 
elution. 132 mg of NMert.butyl-NH3{SH[^0.2,3,4-tetrahydro-1-oxo-3(R or S)-isoquinolyl)carbonyl]-L-as- 
paraginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-prolinamide (diastereomer A) as a white solid from metha- 
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nol/diethyl ether, MS: m/e 621 [M + H] + , and 66 mg of N , -tert.butyl-N 2 -[3(S)-[[N-[(1,2 t 3,4-tetrahydro-1-oxo-3- 
{R or S)-isoquinolyl)cafoonyl]-L-asparaginyl]^ (diastereomer 
B) as a white solid from methanol/diethyl ether; MS: m/e 621 [M + H] + . 

5 Example 60 

In a manner analogous to that described in Example 27. from 418 mg of N 2 -[3(SH[L-asparaginyl> 
amino]-2{R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide. 218 mg of 2-acetamido-1,2,3,4-tetrahydro-2- 
naphthoic acid, 127 mg of hydroxybenzotriazole, 108 mg of N-ethylmorpholine and 212 mg of dicyclohexyl- 

/o carbodiimide there were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) 
for the elution, 142 mg of N 2 -[3(S)-[[N-[2(R or S)-acetamido-1,2.3 t 4-tetrahydro-2-naphthoyl]-L-asparaginyl> 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide (diastereomer A) as a white solid: MS: m/e 
663 [M +■ H] + , and 80 mg of N 2 -[3(S)-[[N-[2(R or S)-acetamido-1 ,2,3,4-tetrahydro-2-naphthoyl]-L-asparaginyl> 
aminol^fRVhydroxy^-phenylbutyll-N^tert.butyl-L-prolinamide (diastereomer B) as a white solid: MS: m/e 

15 663[M + H]\ 

Example 61 

In a manner analogous to that described in Example 27, from 209 mg of NH3(SH[L-asparaginyl> 
20 amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide, 81 mg of quinaldic acid, 63 mg of hydrox- 
ybenzotriazole, 54 mg of N-ethylmorpholine and 106 mg of dicyclohexylcarbodiimide there were obtained, 
after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 88 mg of N 2 -[2(R)- 
hydroxy-4-phenyl-3(S)-[[N-(2-quinolylc^ as a 

white solid; MS: m/e 603 [M + H] + . 

25 

Example 62 

A solution of 844 mg of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-pipGridinecarbox- 
amide and 882 mg of N-(benzyloxycarbonyl)-L-asparagine succinimide ester in 25 ml of tetrahydrofuran 

30 was stirred at 20 "C for 16 hours and then evaporated. The residue was dissolved in 50 ml of dich- 
loromethane and the organic solution was washed with saturated sodium chloride solution and water. The 
solvent was removed by evaporation and the residue was chromatographed on silica gel using dich- 
loromethane/methanol (9:1) for the elution. There were obtained 461 mg of 1-[3(S)-[[N-(benzyloxycarbonyl)- 
L-asparaginyl]aminol-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide as a pale cream 

35 solid; MS: m/e 596 [M + H] + . 

The 1-[3(S)-amino-2(R)-hydroxy-4-phsnylbutyl}-N-tert.butyl-2(S)-piperidinecarboxamide used as the 
starting material was prepared as follows: 

(i) 2.576 g of N-tert.butyI-2(S)-piperidinecarboxamide and 4.158 g of 3(S)-(benzyloxyformamido)-1.2(S)- 
epoxy-4-phenylbutane in 70 ml of ethanol was heated at reflux for 16 hours. The solvent was removed 

40 by evaporation and the residue was dissolved in 100 ml of diethyl ether and treated with 10 g of 
activated magnesium silicate. The solvent was then removed by evaporation and there were obtained 
6.16 g of 1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarbox- 
amide as a colourless glass; MS: m/e 482 [M + H]*. 

(ii) A solution of 1.25 g of 1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)- 
45 piperidinecarboxamide in 80 ml of ethanol was hydrogenated over 10% palladium-on-carbon at 20 P C 

and under atmospheric pressure for 16 hours. The catalyst was removed by filtration and the filtrate was 
evaporated to give 0.844 g of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N tert.butyl 2(S)-piperidinecar- 
boxamide as a pale yellow gum; MS: m/e 348 [M H] + . 

so Example 63 

In a manner analogous to that described in Example 21, from 226 mg of 1-[3(S)-[[L-asparaginy!]amino]- 
2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide t 93 mg of 2-naphthoyl chloride and 63 
mg of diisopropylethylamine there were obtained, after chromatography on silica gel using dich- 
55 ioromethane/methano! (9:1) for the elution, 76 mg of N-tert.butyl-1-[2(R)-hydroxy-3(S)-[[N-(2-naphthoyl)-L- 
asparaginyl]aminoj-4-phenylbutyl]-2(S)-piperidinecarboxamide as a white solid; MS: m/e 616 [M + H] + . 

The 1-[3(SH[L-asparaginyl]amino]-2(R)^ 
used as the starting material was prepared by hydrogenating 1-[3(S)-amino-2(R)-hydroxy-4-phenyibutyl]-N- 
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tert.butyl-2(S)-piperidinecarboxamide. 
Example 64 

In a manner analogous to that described in Example 27, from 226 mg of 1 -[3(S)-[[L-asparaginyl]amino> 
2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide, 85 mg of of quinaldic acid, 56 mg of 
N-ethylmorpholine. 66 rng of hydroxy ben zotriazole and 111 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 100 mg of 
NMert.butyl-1-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinoIylcarbonyl)-L-asparaginyl]amino]butyl>2(S^ 
piperidinecarboxamide as a white solid; MS: m/e 617 [M + H] + . 

Example 65 

In a manner analogous to that described in Example 27, from 228 mg of N 2 -[3(S)-[[L-asparaginyl]- 
aminoh2(R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide. 88 mg of 3-isoquinolinecarboxylic acid. 69 
mg of hydroxybenzotriazole, 59 mg of N-ethylmorpholine and 116 mg of dicyclohexylcarbodiimide there 
were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 88 
mg of NMertbutyl-l^-[2(R)-hydroxy-3^ 
prolinamide as a white solid; MS: m/e 603 [M + H] + . 

Example 66 

In a manner analogous to that described in Example 27, from 228 mg of N 2 -[3(S)-[[L-asparaginyl]- 
aminoh2(R)-hydroxy-4-phenylbutyl}-N 1 -tert.butyl-L-prolinamide ( 88 mg of 3-quinolinecarboxylic acid, 69 mg 
of hydroxybenzotriazole, 59 mg of N-ethylmorpholine and 116 mg of dicyclohexylcarbodiimide there were 
obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the elution, 86 mg of 
N l -tert.butyl-N 2 -[2(R)-hydroxy-4-phenyl-3(S)-[[N-(3-quinoiylcarbonyl)-L-asparaginyl]amino]butyl]-L- 
prolinamide as a white solid; MS: m/e 603 [M + H] + . 

Example 67 

In a manner analogous to that described in Example 27, from 295 mg of N 2 -[3(S)-[[L-asparaginyl]- 
amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide, 214 mg of 3-(benzyloxyformamido)-2-naph- 
thoic acid. 90 mg of hydroxybenzotriazole, 77 mg of N-ethylmorpholine and 151 mg of dicyclohexylcar- 
bodiimide there were obtained, after chromatography on silica gel using System G for the elution, 380 mg 
of N 2 -[3(S)-[[N-[3-(benzyloxyformamido)-2-naphthoyl]-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl>N 1 - 
tert.butyl-L-prolinamide as a white solid from methanol; MS: m/e 751 [M + H] + . 

Example 68 

A solution of 21G mg of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2.3-dihydro-1 H-indole-2- 
(R or S)-carboxamide (diastereomer A), 151 mg of N-(benzyloxycarbonyl)-L-asparagine, 76 mg of hydrox- 
ybenzotriazole. 65 mg of N-ethylmorpholine and 128 mg of dicyclohexylcarbodiimide in 10 ml of 
tetrahydrofuran was stirred at 20 'C for 16 hours. The solvent was removed by evaporation and the residue 
was chromatographed on silica gel using dichloromethane/methanol (92:8) for the elution. There were 
obtained 70 mg of 1-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N- 
tert.butyl-2,3-dihydro-lH-indole-2(R or S)-carboxamide (diastereomer A) as a pale cream solid: MS: m/e 630 
[M + H] + . 

The 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl>N-tert.butyl-2,3-dihydro-1 H-indolc-2(R or S)-carboxamide 
used as the starting material was prepared as follows: 

(i) A solution of 891 mg of N-tert.butyl-2,3-dihydro-lH-indole-2(R or S)-carboxamide and 654 mg of 3(S)- 
(benzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane in 5 ml of dimethylformamide was heated to 140"C 
for 40 hours. The solvent was removed by evaporation and the residue was chromatographed on silica 
gel using diethyl ether/n-hexane (2:1) for the elution. There were obtained 300 mg of 1-[3(S)-(benzylox- 
yformamido)-2(R)-hydroxy-4-phenylbutylJ-N-tert.butyl-2,3-dihydro-1H-indole-2{R or S)-carboxamide (dia- 
stereomer A) as a pale yellow oil, m/e 516 [M + H] + , and 290 mg of 1-[3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutyl]-N-tert.butyl-2,3-dihydro-lH-indole-2(R or S)-carboxamide (diastereomer B) as a 
pale yellow oil; MS: m/e 516 [M +■ H] + . 
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(ii) A solution of 300 mg of 1 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbuty!]-N-tert.buty 1-2,3- 
dihydro-1H-indole-2(R or S)-carboxamide (diastereomer A) in 20 ml of ethanol was hydrogenated over 
10% palladium-on-carbon at 20 "C and under atmospheric pressure for IB hours. The catalyst was 
removed by filtration and the filtrate was evaporated to give 216 mg of 1-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-2,3-dihydro-1H-indole-2(R or S)-carboxamide as a brownish oil. 

Example 69 

In a manner analogous to that described in Example 68, from 223 mg of 1-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-2,3-dihydro-lH-indo!e-2(R or Sy-carboxamide (diastereomer B). 151 mg of N- 
(banzyloxycarbonylH-asparagine. 76 mg of hydroxybenzotriazole, 65 mg of N-ethylmorphoIine and 128 mg 
of dicyclohexylcarbodiimide there were obtained 210 mg of 1-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyi> 
amino]-2(R)-hydroxy-4-phenyIbutyl]-N-tert.butyl-2,3-dihydro-1 H-indole-2(R or S)-carboxamide (diastereomer 
B) as a pale cream solid; MS; m/e 630 [M + HJ+. 

Example 70 

A solution of 0.422 g of N 2 -[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino> 
butyl]-NMert.butyl-L-prolinamide and 142 mg of 3-chloroperbenzoic acid in 10 ml of dichloromethane was 
stirred at 20 °C for 1 hour. The solvent was then removed by evaporation and the residue was chromatog- 
raphed on silica gol using die hi oromethane/m ethanol (9:1) for the elution to give 289 mg of N^tert.butyl-N 2 - 
[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolylcarbonyl)-L-asparaginyl]amino]butyl]-L-prolinamide N 2 -oxide as a 
white solid; MS: m/e 619 [M + H] f . 

Example 71 

A solution of 0.123 mg of N , -tert.butyl-N 2 -[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolylcarbonyl)-L-as- 
paraginyl]amino]butyl]-L-prolinamide N z -oxide and 35 mg of 3-chloroperbenzoic acid in 5 ml of dich- 
loromethane was stirred at 25 ' C for 24 hours. A further 70 mg of 3-chloroperbenzoic acid was added and 
the mixture was stirred at 20 'C for 48 hours. The solution was washed with aqueous sodium carbonate 
solution and sodium chloride solution and the solvent was then removed by evaporation. The residue was 
chromatographed on silica gel using System J for the elution to give 70 mg of N^tert.butyl-N^^fR)- 
hydroxy-3(S)-[[N-(l-oxido-2-quinolylcarbonyl)-L-asparaginyl]amino]-4-phenylbutyl]-L-prolinamide N z -oxide as 
an off-white solid from ethyl acetate; MS: m/e 635 [M + H]+. 

Example 72 

A solution of 98 mg of 3-[3(S>-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)-thiazolidinecarbox- 
amide dihydrobromide in 0,5 ml of dry dimethylformamide was stirred and cooled to -10 'C in an ice/salt 
bath while there were added 44 mg of N-ethylmorpholine lollowed by 76 mg of N-(benzyloxycarbonyl)-L- 
asparagine succinimide ester. The mixture was allowed to warm to room temperature and was then stirred 
overnight. Dimethylformamide was removed by evaporation under reduced pressure and the residue was 
dissolved in chloroform. The solution was washed with water, then dried over sodium sulphate and 
evaporated. The residual gum was purified by flash chromatography on silica gel using 4% methanol in 
dichloromethane for the elution. There were obtained 66 mg of 3-[3(S)-[[N-benzyloxycarbonyl)-L-as- 
paraginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)-thiazolidinecarboxamide as a colourless 
foam. Analytically pure product was obtained by recrystallization from ethyl acetate; MS: m/e 600 [M + H] + . 

The 3-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(RHhiazolidinecarboxamide 
dihydrobromido used as the starting material was prepared as follows: 

(i) A solution of 2.67 g of N-benzyloxycarbonyl-4(R)-thiazolidinecarboxylic acid in 42 ml of dry 
tetrahydrofuran was stirred and cooled to -15 "C in an ice/salt bath while there were added 1.15 g of N- 
ethylmorpholine followed after 2 minutes by 1.87 g of isobutyl chloroformate. After a further 3 minutes 
0.73 g of tert, butylamine was added dropwise and the mixture was then allowed to warm to room 
temperature and was stirred overnight. Tetrahydrofuran was removed by evaporation under reduced 
pressure and the residue was dissolved in dichloromethane. The solution was washed in sequence with 
water, 10% citric acid solution, water, saturated sodium bicarbonate solution and water, then dried over 
anhydrous sodium sulphate, filtered and evaporated to give 2.85 g of 3-{benzyloxycarbonyl)-N-tert.butyl- 
4(R)-thiazolidinecarboxamide as a solid which melted at 96-98 "C after recrystallization from diethyl 
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ether/n-hexane. 

(ii) A mixture of 3.2 g of 3-(ben2yloxycarbonyl)-N-tert.butyl-4(R)-thiazolidinGcarboxamide and 10 ml of 
32% (w/w) hydrogen bromide in glacial acetic acid was stirred at room temperature tor 2 hours. The 
resulting solution was poured into diethyl ether and the precipitated hydrobromide salt of the product 
was filtered off. washed with diethyl ether and then dissolved in water. The solution was made alkaline by 
the addition of 1M sodium hydroxide solution and extracted twice with dichloromethane. The combined 
dichloromethane extracts were washed with water, dried over anhydrous sodium sulphate, filtered and 
evaporated to give 1.57 g of N-tert.butyl-4(R)-thiazolidinecarboxamide as a crystalline solid of melting 
point 68-71 'C. 

(iii) A solution of 3.2 g of N-tert.butyl-4(R)-thiazolidinecarboxamide and 5.0 g of 3(S)-(benzyloxyfor- 
mamido)-1,2(S)-8poxy-4-phenylbutane in 130 ml of isopropanol was stirred under argon and heated at 
90 " C under reflux for 3 days. The solution was evaporated under reduced pressure and the residue was 
purified by flash chromatography on silica gel using diethyl ethyl/n-hexane (2:1) for the elution. There 
were obtained 3.47 g of 3-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)- 
thiazolidinecarboxamide. Recrystallization from ethyl acetate gave analytically pure material of melting 
point 62-65 " C. 

(iv) A mixture of 2 g of 3-[3(S)-(ben2yloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4{R)- 
thiazolidinecarboxamide and 4.1 ml of 32% (w/w) hydrogen bromide in glacial acetic acid was stirred at 
room temperature for 1 hour. The resulting solution was diluted with anhydrous diethyl ether and the 
precipitated product was rapidly filtered off and washed with fresh diethyl ether. There were obtained 
2.01 g of 3-[3(S)-amino-2(R)-hydroxy-4-phQnylbutyl]-N-tert.butyI-4(R)-thia20lidinecarboxamide 
dihydrobromide as a white solid; *H NMR (300 MHz): 5 (D 2 0) 1.37 (9H, s), 3.0 (2H, m), 3.09 (2H, dq), 
3.29 (2H, d), 3.85 (2H, m), 4.16 (1H, m), 4.3 (2H, q) and 7.42 (5H, m) ppm. 

Example 73 

In a manner analogous to that described in Example 21, from 110 mg of 3-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)-thia2olidinecarboxamide, 46 mg of 2-naphthoyl chloride and 31 
mg of diisopropylethylamine there were obtained, after flash chromatography on silica gel using 2% 
methanol in dichloromethane for the elution, S3 mg of N-tert.butyl-3-[2(R)-hydroxy-3(S)-[[N-(2-naphthoyl)-L- 
asparaginyl]amino]-4-phenylbutyl]-4(R)-thiazolidinecarboxamide; MS: m/e 620 [M + Hf. 

The 3-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R)-thiazolidinecarbox- 
amide used as the starting material was prepared as follows: 

A mixture of 170 mg of 3-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-N-lert.butyl-4(R)-thiazolidinecarboxamide and 0.3 ml of 32% (w/w) hydrogen bromide in glacial acetic 
acid was stirred at room temperature for 1 hour. The solution was diluted with diethyl ether and the 
precipitated solid was rapidly filtered off, washed with diethyl ether and dissolved in water. The solution was 
made alkaline by rhe addition of potassium carbonate and extracted with three portions of chloroform. The 
combined chloroform extracts were dried over anhydrous sodium sulphate, filtered and evaporated to give 
110 mg of 3-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-4(R>-thiazolidinecarbox- 
amide; MS: m/e 46G [M + H] + . 

Example 74 

A solution of 330 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino>4-(4-tert.butoxyphenyl)-2- 
(R)-hydroxybutyl>N'-tert.butyl-L-prolinamide in 30 ml of ethanol was hydrogenated over 50 mg of 10% 
palladium-on-carbon catalyst for 3 hours. The catalyst was removed by filtration and the filtrate was 
evaporated. The residue was dissolved in dichloromethane and treated with 72 mg of diisopropylethylamine 
and 106 mg of 2-naphthoyl chloride in a manner analogous to that described in Example 21 to give 165 mg 
of NM4-(4-tert.bLrtoxyphenyl)-2(R)-hydroxy-3(S^ 
prolinamide as an off-white solid. 

Example 75 

A solution of 90 mg of N 2 -[4-(4-tert.butoxyphenyl)-2(R)-hydroxy-3(S)-[[N-(2-naphthoyl)-L-asparaginyl]- 
amino]butyl]-NMert.butyl-L-prolinamide in 40 ml of 3.5M hydrogen chloride in ethyl acetate was stirred at 
room temperature for 30 minutes. The solvent was removed by evaporation and the residue was triturated 
with diethyl ether and filtered to give 80 mg of N 2 -[2(R)-hydroxy-4-(4-hydroxyphenyl)-3(S)-[[N-(2-naphthoyl)- 
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L-asparaginyl]amino]bLrtyl]-NMert.butyl-L-prolinamide hydrochloride as a white solid of melting point 171- 
174 -C. 

Example 76 

5 

A solution of 59 mg of 2-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl}-N-tert.butyl-1 ,2,3,4-tetrahydropyrido- 
[3,4-b]indole-1-carboxamide (isomer A) and 71 mg of N-(benzyloxycarbonyl)-L-asparagine succinimide ester 
in 3 ml of dry tetrahydrofuran was stirred at room temperature for 16 hours and then evaporated. The 
residue was dissolved in of dichloromethane and the solution was washed twice with water and twice with 

to saturated aqueous sodium bicarbonate solution. The solvent was removed by evaporation under reduced 
pressure to give 103 mg of crude product. 32 mg of this product were purified by reverse phase high 
pressure liquid chromatography using 55% 0.05M ammonium formate in acetonitrile for the elution. There 
were obtained 9.9 mg of 2-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]- 
N-tert.butyl-1.2,3 t 4-tetrahydropyrido[3,4-b]indole-1(R or S)-carboxamide (isomer A) as a colourless oil; MS: 

75 m/e683[M + H] + . 

2-[3(SH[N-(Benzy1oxycarbonyl)-L-asparagm 
tetrahydropyrido[3,4-b]indole-1-carboxamide (isomer B) was prepared from 2-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl-N-tert.butyl-1,2,3,4-tetrahydropyrido[3,4-b]indole-1(R or S)-carboxamide (isomer B) in a manner 
analogous to isomer A above and was purified in the same manner to give a colourless oil; MS: m/e 683 

20 [M + H] + . 

The 2-[3(S)-amino-2(R)-hydroxy-4-phenylbutylhN-tert.butyl-1.2,3 l 4-tetrahydropyrido[3,4-b]indole-1-car- 
boxamides used as the starting materials were prepared as follows: 

(i) To a solution, cooled in ice, of 3.0 g of l f 2,3,4-tetrahydropyrido[3,4-b]indole-1-carboxylic acid in 7 ml 
of 2M sodium hydroxide solution, 17 ml of water and 17 ml of dioxan were added in alternating portions 

25 12.5 ml of 2M sodium hydroxide solution and a solution of 3.6 ml of benzyl chloroformate in 9 ml of 
dioxan. After completion of the additions the mixture was stirred at room temperature overnight and the 
dioxan was then removed by evaporation under reduced pressure. The solution obtained was diluted with 
water, washed twice with diethyl ether, acidified with 25 ml of 1M sulphuric acid and extracted three 
times with ethyl acetate. The organic extracts were combined, washed twice with water, dried over 

30 anhydrous magnesium sulphate and evaporated to give 4.54 g of 2-benzyloxycarbonyl-1, 2,3,4- 
tetrahydropyrido[3,4-b]indole-1-carboxylic acid, MS; m/e 351 [M + H] + . which was used without purifica- 
tion. 

(ii) A solution of 4.54 g of 2-benzyloxycarbonyl-l,2,3 t 4-tetrahydropyrido[3,4-b]indole-1-carboxylic acid in 
45 ml of anhydrous tetrahydrofuran was cooled, while protecting with a drying tube, in an ice/acetone 

35 bath. 1.82 ml of N-ethylrnorpholine and 1.82 ml of isobutyl chloroformate were added, the mixture was 
stirred for 10 minutes and then 2.1 ml of tert.butylamine were added. The mixture was then stirred at 
0"C for 40 minutes and at room temperature for 45 minutes, diluted with ethyl acetate and washed twice 
with water, twice with 0.5M sodium hydroxide solution and again with water. The solution was dried over 
magnesium sulphate and evaporated to dryness. Recrystallization from ethyl acetate and n-hexane gave 

40 1.21 g of tert.butyl 2-benzyloxycarbonyl-1 ,2 ; 3,4-tetrahydropyrido[3.4-b]indole-1-carboxamide; MS: m/e 
40G [M + HJ+. A further 0.7G g of identical material was obtained by subjecting the mother liquors to 
chromatography on silica gel using ethyl acetate/n-hexane (1:1) for the elution. 

(iii) 1.62 g of tert.butyl 2-benzyloxycarbonyl-1 ,2,3.4-tetrahydropyrido[3 t 4-b]indole-1-carboxamide were 
dissolved in 10 ml of a 45% solution of hydrogen bromide in acetic acid. After 30 minutes the solution 

45 was evaporated and the residue was taken up in water. After filtration the filtrate was washed three times 
with diethyl ether and then neutralized by the addition of saturated aqueous sodium bicarbonate solution. 
The product was extracted from the now turbid aqueous layer with ethyl acetate. The combined organic 
extracts were dried over anhydrous magnesium sulphate and evaporated to give 0.84 g of tert.butyl 
1 ( 2,3,4-tetrahydropyrido[3,4-b]indole-1-carboxamide as a white crystalline solid of melting point 144"C. 

so (iv) A solution of 0.60 g of tert.butyl I^S^-tetrahydropyridotS^-bJindole-l-carboxamide and 0.66 g of 3- 
(S)-(benzyloxyformamido)-l ,2(S)-epoxy-4-phenylbutane in 20 ml of methanol was heated at reflux under 
argon for 16 hours and then evaporated to give a clear oil. The two diastereomeric products were 
separated by flash chromatography on silica gel using n-hexane/ethyl acetate (3:1) for the elution. There 
were obtained 268 mg of isomer A of 2-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N- 

55 tert. butyl- 1, 2. 3,4-tetrahyd ropy rido[3,4-b]indole-1-carboxamide, MS: m/e 569 [M + H] + , and 65 mg of 
isomer B of the same compound; MS: m/e 569 [M + H]+. 

(v) A solution of 150 mg of 2-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
1,2,3 l 4-tetrahydropyrido[3 l 4-b]indole-1-carboxamide (isomer A) in 5 ml of ethanol was hydrogenated 
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under a pressure of 3.4 atmospheres over 10% palladium-on-charcoal at 20 *C for 16 hours. The catalyst 
was removed by filtration and the filtrate was evaporated to give 120 mg of 2-[3(S)-amino-2{R)-hydroxy- 
^phenylbutyll-N-tert.butyl-I^.S.^tetrahydropyridoia^-blindole-l-carboxamide (isomer A); MS: m/e 435 
[M + H] + . 

2-[3(S)-Amrno-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-1.2,3>tetrahydropyrido[3,4-b]indote-1- 
carboxamide (isomer B), MS: m/e 435 [M + H]\ was prepared in an analogous manner from 2-[3(S)- 
(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutylhN-tert.butyl-1.2 t 3,4-tetrahydropyrido[3.4-b]indole-1- 
carboxamide (isomer B). 

Example 77 

In a manner analogous to that described in Example 70, from 154 mg of N-tert.butyl-1-[2(R)-hydroxy-3- 
(SH[N-(2-quinolylcarbonyl)-L-asparaginyl]amino-4-phenylbutyl]-2(S)-piperidinecarboxamide and 51 mg of 3- 
chloroperbenzoic acid there were obtained 114 mg of N-tert.butyl-1-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2- 
quinolylcarbonyl)-L-asparaginyl]amino]butyl]-2-piperidinecarboxamide 1 -oxide as a white solid; MS: m/e 633 
[M + H] + . 

Example 78 

In a manner analogous to that described in Example 27, from 230 mg of 1-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-N-lert.butyl-2(S)-piporidinecarboxamido, 139 mg of 3-benzyloxy-2-naphthoic 
acid, 113 mg of dicyclohexylcarbodiimidc, 68 mg of hydroxybenzotriazole and 58 mg ot N-cthylmorpholine 
there were obtained, after chromatography on silica gel using System G for the elution, 242 mg of 1-[3(S)-[- 
[N-(3-benzyloxy-2-naphthoyl)-L-asparaginyllamino]-2(R)-4-phenylbutyl]-N-tert.butyl-2(S)- 
piperidinecarboxamide as a foam: MS: m/e 722 [M + H] + . 

Example 79 

A solution of 181 mg of 1-[3(S)-[[N-(3-benzyloxy-2-naphthoyr)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide in 5 ml of ethanol was hydrogenated over 10% pal- 
ladium-on-carbon at 20 *C and under atmospheric pressure for 16 hours. The catalyst was removed by 
filtration and the filtrate was evaporated. After trituration with diethyl ether there were obtained 110 mg of N- 
tert.butyl-1-[3(SH[N-(3-hydroxy-2-naphthoyl)-L-asparaginyl]amino>2(R)-hydroxy-4-phenylbutyl]-2(S)- 
piperidinecarboxamide as a pale yellow solid; MS: m/e 632 [M + H]''". 

Example 80 

In a manner analogous to that described in Example 27. from 400 mg of cis-1 -[3(S)-amino-2(R)- 
hydroxy-4-phenylbutyl]-N-tert.bulyl-decahydro-2(R or S)-quinolinecarboxamide, 266 mg of N-(benzy!oxycar- 
bonyl)-L-asparagine, 226 mg of dicyciohexylcarbodiimide. 135 mg of hydroxybenzotriazole and 115 mg of 
N-ethylmorpholine there were obtained, after chromatography on silica gel using dichloromethane/methanol 
(94:6) for the elution, 225 mg of cis-1-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-decahydro-2(R or S)-quinolinecarboxamide as a white solid; MS: m/e 650 [M + H] + . 

The cis-1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-decahydro-2(R or S)-quinolinecarbox- 
amide used as the starting material was prepared as follows: 

(i) A solution of 2.376 g of 3(S)-(benzyloxyformamido)-1.2(S)-epoxy-4-phenylbutane and 1.904 g of cis-N- 
tert.butyl-decahydro-2(R,S)-quinolinecarboxamide in 32 ml of ethanol was stirred at 80 'C for 24 hours. A 
further 0.474 g of 3{SHbenzyloxyformamido)-1 ,2(S)-epoxy-4-phenylbutane was added in two portions 
and the mixture was stirred at 80 °C for a further 5 hours. The solvent was removed by evaporation and 
the residue was chromatographed on silica gel using dichloromethane/methanol (97.5:2.5) for the elution 
to give 1.17 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-decahydro-2- 
(R or S)-quinolinecarboxamide (isomer A) as a white solid from diethyl ether/n-hexane, MS: m/e 536 
[M + H]\ and 1.146 g of cis-1-[3(S)-benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-de- 
cahydro-2(R or S)-quinolinecarboxamide (isomer B) as a pale yellow gum; MS: m/e 536 [M-*-H] + . 

(ii) A solution of 0.535 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer B) in 25 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon at 20 "C and under atmospheric pressure for 16 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 400 mg of cis-1 -[3(S)-amino-2(R)-hydroxy-4- 
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phenylbutyl]-N-tertbutyl-decahydro-2{R or S)-quinolinecarboxamide as a colourless gum. 
Example 81 

5 A solution of 561 mg of trans-2-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-decahydro- 
(4aR,8aS)-isoquinoline-3(S)-carboxamid8 and 372 mg of N-{benzyloxycarbonyl)-L-asparagine in 20 ml of dry 
tetrahydrofuran was cooled in an ice/salt mixture. 189 mg of hydroxybenzotriazole. 161 mg of N- 
ethylmorpholine and 317 mg of dicyclohexylcarbodiimide were added and the mixture was stirred for 16 
hours. The mixture was then diluted with ethyl acetate and filtered. The filtrate was washed with aqueous 

w sodium bicarbonate solution and sodium chloride solution. The solvent was removed by evaporation and the 
residue was chromatographed on silica gel using dichloromethane/methanol (9:1) for the elution to give 434 
mg of trans-2-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N- 
tert.butyl.decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide as a white solid from methanol/diethyl ether; 
MS: m/e650[M + H] 4 . 

is The trans-2-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N^ 
carboxamide used as the starting material was prepared as follows: 

(i) A solution of 440 mg of trans-N-tert.butyl-decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide and 549 
mg of 3(S)-(benzyloxyformamido)-1,2(S)-epoxy-4-phenylbutane in 6 ml of ethanol was stirred at 60 "C for 
7 hours. A further 54 mg of 3(S)-(benzyloxyformamido)-1 ,2(S)-epoxy-4-phenylbutane were added and the 

20 solution was stirred at 20 *C for 16 hours. The solvent was removed by evaporation and the residue was 
chromatographed on silica gel using system H for tho elution to give 771 mg of trans-2-[3(S)- 
(benzyloxytormamido)-2(R)-hydroxy-4-phenylbutyl-N-tert.butyl-decahydro-(4aR,8aS)-isoquinoline-3(S)- 
carboxamide as a white solid; MS: m/e 536 [M + H]*. 

(ii) A solution of 747 mg of trans-2-[3(S)-(ben2yloxyformamido)-2(R)-hydroxy-4-phenylbutyl-N-tert.butyl- 
25 decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide in 40 ml of ethanol was hydrogenated over 10% 

palladium-on-carbon at 20 * C and under atmospheric pressure for 5 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 561 mg of trans-2-[3(S)-amino 2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-decahydro (4aR,8aS)-isoquinoline-3(S)-carboxamide as a buff coloured solid. 

30 Example 82 

In a manner analogous to that described in Example 27, from 276 mg of i-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl] N-tert.butyl-2(S)-piperidinecarboxamide, 1 67 mg of 1-benzyloxy-2-naphthoic 
acid, 81 mg of hydroxybenzotriazole, 69 mg of N-ethylmorpholine and 136 mg of dicyclohexylcarbodiimide 
35 there were obtained, after chromatography on silica gel using dichloromethane/methanol (9:1) for the 
elution, 97 mg of 1-[3(S)-[[N-(1-benzyloxy-2-naphthoyl)-L-asparaginyl]amino>2(R)-hydroxy-4-phenylbutyl3-N- 
tert.butyl-2(S)-piperidinecarboxamide as a white solid from methanol/diethyl ether; MS: m/e 722 [M + H] + . 

Example 83 

40 

In a manner analogous to that described in Example 79. from 119 mg of 1-[3(S)-[[N-(1-benzyloxy-2- 
naphthoyl)-L-asparaginyl]aminoh2(R)-hydroxy^ there 
were obtained, after chromatography on activated magnesium silicate using dichloromethane/methanol (9:1) 
for the elution, 67 mg of N-tert.butyl-1-[2(R)-hydroxy-3(SH[N-(1-hydroxy-2-naphthoyl)-L-asparaginyl]amino> 
45 4-phenylbutyl]-2(S)-piperidinecarboxamide as a white solid; MS: m/e 631 [M + H] f . 

Example 84 

In a manner analogous to that described in Example 27, from 276 mg of 1-[3(S)-[[L-asparaginyl]amino> 
so 2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide ! 183 mg of 3-(benzyloxycarbonyl)-2- 
naphthoic acid, 81 mg of hydroxybenzotriazole, 138 mg of N-ethylmorpholine and 136 mg of dicyclohexyl- 
carbodiimide there were obtained, after chromatography on silica gel using System J for the elution. 98 mg 
of N-tert.butyl 1 -[3(S)-[1 (S)-(2.3-dihydro-1 ,3-dioxo-1 H-benz[f]isoindol-2-yl)-3-carbamoylpropionamido>2(R>- 
hydroxy-4-phenylbutyl]-2(S)-piperidinecarboxamide; MS: m/e 642 [M + H]+. 
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Example 85 

A solution of 650 mg of ^-^(SJ-amino^fRJ-hydroxy-^phenylbutylj-N^tert.butyl-L-prolinamide and 538 
mg of N-benzyloxycarbonyl)-S-methyl-L-cysteine in 20 ml of dry tetrahydrofuran was cooled in an ice/salt 
s mixture. 270 mg of hydroxybenzotriazole. 230 mg of N-ethylmorpholine and 412 mg of dicyclohexylcar- 
bodiimide were added and the mixture was stirred for 16 hours. The mixture was diluted with ethyl acetate 
and filtered. The filtrate was washed with aqueous sodium bicarbonate solution and sodium chloride 
solution. The solvent was removed by evaporation and the residue was chromatographed on silica gel using 
System G for the elution to give 800 mg of N 2 -[3(S)-[N-(ben2yloxycarbonyl)-S-methyl-L-cysteinyl]amino]-2- 
io (R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide; MS: m/e 585 [M + HJ+. 

The N^ISiSJ-amino^fR^hydroxy-^phenylbutyll-N^tertbutyl-L-prolinamide used as the starting material 
was prepared in an analogous manner to the starting material of Example 33, but using N 1 -tert.butyl-L- 
prolinamide in paragraph (iii) in place of N 1 -phenyl-L-prolinamide. 

T5 Example 86 

A solution of 193 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-S-methyl-L-cysteinyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-NMert.butyl-L-prolinamide in 2 ml of methanol was cooled to -70 6 C. A solution of 62 mg of 3- 
chloroperbenzoic acid in 5 ml of methanol was added and the mixture was stirred at -70 ' C for 30 minutes. 
20 The solvent was then removed by evaporation and the residue was chromatographed on silica gel using 
System G for the olution to give 62 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-3-(methylsulphinyl)-L-alanyl]- 
aminoh2{R)-hydroxy-4-phenylbutylhN 1 -tert.butyl-L-prolinamide as a 1:1 mixture of diastereomers; MS: m/e 
601 [M + H] + . 

25 Example 87 

A solution of 450 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-S-methyl-L-cysteinyl]amino]-2(R)-hydroxy-4- 
phenylbutyll-W-tert.butyl-L-prolinarnide in 4 ml of methanol was cooled to -70 "C. 166 mg of 3-chloroper- 
benzoic acid were added portionwise over a period of 10 minutes, the solution was stirred at -70 "C for 15 

so minutes and then allowed to warm to 20 °C. The solution was again cooled to -70 'C : a further 33 mg of 3- 
chloroperbenzoic acid were added and the mixture was stirred at -70 "C for 30 minutes. The solvent was 
removed by evaporation and the residue was partitioned between dichloromethane and 2N sodium 
hydroxide solution. The organic phase was evaporated and the residue was chromatographed on silica gel 
using System G for the elution to give 100 mg of rM 2 -[3(S)-[[N-(benzyloxycarbonyl)-3-{methylsulphinyl)-L- 

35 alanyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinaiTiide N^oxide (diastereomer A), MS: m/e 
617 [M + H]\ and 154 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-3-(mBthylsulphinyl)-L-alanyl]amino]-2(R)- 
hydroxy-4-phenylbutyl]-N'-tert.butyl-L-prolinamide N 2 -oxide (diastereomer B); MS: m/e 617 [M + Hr*". 

Example 88 

40 

A solution of 154 mg of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-3-(methylsulphinyl)-L-alanyl]amino]-2(R)- 
hydroxy-4-phenylbutylJ-N -tert.butyl-L-prolinamide N 2 -oxide (two diastereomers) in 5 ml of methanol was 
treated with 84 mg of 3-chloroperbenzoic acid and the solution was stirred at 20 S C for 16 hours. The 
solvent was removed by evaporation and the residue was partitioned between dichloromethane and 2M 
45 sodium hydroxide solution. The organic phase was evaporated and the residue was crystallized from ethyl 
acetate/n-hexane to give 28 mg of N y -[3(S)-[[N-(benzyloxycarbonyl)-3-(methylsulphonyl)-L-alanyl]amino]-2- 
(Rl-hydroxy^-phenylbutylJ-N^tert.butyl-L-prolinamide N 2 -oxide monohydrate; MS: m/e 633 [M + H] + . 

Example 89 

50 

In a manner analogous to that described in Example 27, from 400 mg of cis-1 -[3(S)-amino-2(R)- 
hydroxy-4-phenylbutylJ-N-tert.butyl-decahydro-2(R or S)-quinolinecarboxamide, 266 mg of N-(benzyloxycar- 
bonyl)-L-asparagine, 226 mg of dicyclohexylcarbodiimide, 135 mg of hydroxybenzotriazole and 115 mg of 
N-ethylmorpholine there were obtained, after chromatography on silica gel using dichloromethane/methanol 
55 (94:6) for the elution, 225 mg of cis-1 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino}-2(R)-hydroxy-4- 
phenylbuty!]-N-tert.butyl-decahydro-2(R or S)-quinolinecarboxamide as a white solid; MS: m/e 650 [M + H] + . 

The cis-1 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyi]-N-tert.butyl-decahydro-2(R) or Shquinolinecarbox- 
amide used as the starting material was prepared as follows: 
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(i) A solution of 2.376 g of 3(S)-(benzyloxyformamido)-1 ,2(S)-epoxy-4-phenylbutane and 1 .904 g of cis-N- 
tert.butyl-decahydro-2(R,S)<juinolinecarboxamide in 32 ml of ethanol was stirred at 80 -C for 24 hours. A 
further 0.474 g of 3(S)-(benzyloxyform am ido)- 1 ,2(S)-epoxy-4-phenyl butane was added in two portions 
and the mixture was stirred at 80 B C for a further 5 hours. The solvent was removed by evaporation and 
the residue was chromatographed on silica gel using die hi oromethane/m ethanol (97.5:2.5) for the elution 
to give 1.17 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-t9rt.butyl-decahydro-2- 
(R or S)-quinolinecarboxamide (isomer A) as a white solid from diethyl ether/n-hexane, MS: m/e 536 
[M-mp, and 1.146 g of cis-1-[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbLrtyl]-N-tert.butyl-de- 
cahydro-2(R or S)-quinolinecarboxamide (isomer B) as a pale yellow gum; MS: m/e 536 [M + H] 4 . 

(ii) A solution of 0.535 g of cis-1-[3(S)-{benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
decahydro-2(R or S)-quinolinecarboxamide (isomer B) in 25 ml of ethanol was hydrogenated over 10% 
palladium-on-carbon at 20 "C and under atmospheric pressure for 16 hours. The catalyst was removed 
by filtration and the filtrate was evaporated to give 400 mg of cis-1-[3(S)-amino-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-decahydro-2(R or S)-quinolinecarboxamide as a colourless gum. 

Example 90 

In a manner analogous to that described in Example 27, from 27 mg of N-[3(S)-[[L-asparaginyl]amino> 
2(R)-hydroxy-4-pheny1buty13-L-proline tertbutyl ester and 11.3 mg of 2-indolecarboxylic acid there were 
obtained 15 mg of N-[3(S)-[[N-(2-indolylcart)onyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-L-pro- 
line tertbutyl ester; MS: m/e 592 [M + H] + . 

Example 91 

In a manner analogous to that described in Example 72, from 240 mg of 3-[3(S)-amino-2(R)-hydroxy-4- 
pheny!butyl]-N-tert.butyI-tetrahydro-2H-1,3-thiazine-4(R and S)-carboxamide and 234 mg of N-(benzylox- 
ycarbonyl)-L-asparagine succinimide ester there were obtained 162 mg of 3-[3(S)-[[N-(benzyloxycarbony!)- 
L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbu^ and S)-carbox- 

amide as a mixture of two diastereomers. Flash chromatography on silica gel using 3% methanol in 
dichloromethane for the elution gave 20 mg of the less polar diastereomer (isomer A), MS: m/e 614 [M + H> 
\ and using 5% methanol in dichloromethane gave 32 mg of the more polar diastereomer (isomer B); MS: 
m/e 614 [M + H]'. 

The 3-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-tetrahydro-2H-1 ,3-thiazine-4(R and S)-car- 
boxamide used as the starting material was prepared from the known tetrahydro-2H-1 ,3-thiazine-4(R and S)- 
carboxylic acid by N-benzyloxycarbonylation in a known manner, subsequent reaction in a manner 
analogous to that described in Example 72 (i)-(iv) and basification of the dihydrobromide obtained with 
sodium bicarbonate solution. 

Example 92 

0.122 g of N-(benzyloxycarbonyl)-3-cyano-L-alanine was dissolved in 2 ml of dry dimethyformamide. 
The solution was stirred and cooled in an ice/salt bath and treated with 0.066 g of hydroxybenzotriazole and 
0.1 g of dicyclohexylcarbodiimide. The mixture was stirred for 5 minutes and then treated with 0.163 g of 
N^PfSJ-amin^fRhhydroxy^phenylbutyll-N^tert.butyl-L-prolinamide in 2.5 ml of dry dichloromethane. 
The mixture was allowed to warm to room temperature and was then stirred overnight. The resulting 
dicyclohexylurea was filtered off and washed with methylene chloride. The combined filtrate and washings 
were evaporated at 40 "C in a vacuum to give an oil which was partitioned between ethyl acetate and water. 
The organic phase was washed in sequence with saturated aqueous sodium bicarbonate solution and 
saturated sodium chloride solution and then dried over sodium sulphate. The solvent was removed by 
evaporation to give an oil which was chromatographed on silica gel using 14% methanol in dichloromethane 
for the elution. There were thus obtained 50 mg of product which was recry stall ized from diethyl ether/n- 
hexane to give 0.045 g of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-3-cyano-L-alanyl]amino]-2(R)-hydroxy-4-phenyl- 
butyll-N'-tert.butyl-L-prolinamide hemihydrate as a solid of melting point 65-70 'C (softening). 

The N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N'-tertbutyl-L-prolinamide used as the starting material 
was prepared as follows: 

(i) A solution of 0.425 g of 3(S)-(benzyloxyformamido)-1 ,2(S)-epoxy-4-phenylbutane and 0.244 g of L- 
proline tert.butylamide in 10 ml of dry isopropanol was heated at 80 *C for 20 hours. The solvent was 
removed by evaporation in a vacuum and the residue was chromatographed on silica gel using 5% 
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methanol in dichloromethane for the elution. There was obtained 0.44 g of N 2 -[3(S)-(benzyloxyfor- 
mamidoJ^fRJ-hydroxy^phenylbutyll-N^tert.butyl-L-prolinamide as a white foam. 

<ii) A solution of 0.46 g of N^PfSHbenzyloxyformamidoJ^RJ-hydroxy^-phenylbutylhN^tert.butyl-L- 
prolinamide in 40 ml of ethanol was hydrogenated over 40 mg of 10% palladium-on-carbon at room 
temperature and under atmospheric pressure for 1.5 hours to give 0.33 g of N 2 -[3(S)-amino-2(R)- 
hydroxy-4-phenylbutyl]-NMert.butyl-L-prolinamide as a gum which crystallized on standing. 

Example 93 

0.167 g of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide was dissolved in 10 
ml of dry dimethylformamide and the solution was stirred at O'C while 0.191 g of the N-(benzyloxycar- 
bonyl)-L-phenylglycine succinimide ester was added as a solid. The solution obtained was stirred at O'C for 
1 hour and then stored at 4 ' C overnight. The solution was then evaporated in a vacuum and the residue 
was partitioned between ethyl acetate and water. The organic phase was washed with saturated aqueous 
sodium bicarbonate solution and then with saturated sodium chloride solution. The aqueous phases were 
back-extracted with ethyl acetate. The combined organic phases were dried over sodium sulphate and 
evaporated to give a gum which was chromatographed on silica gel using acetone/dichloro methane (1:1) for 
the elution. The combined product-containing fractions were evaporated to give a gum which was re- 
evaporated with diethyl ether to give 0.127 g of a solid. This solid was extracted with dichloromethane and 
the combined organic phases were evaporated to give a solid which was triturated with diethyl ether. There 
was thus obtainod 0.05 g of NH3(S)-[[N-(benzyloxycarbonyl)-L-phenylglycyl]amino]-2(R)-hydroxy-4-phGnyl- 
butyl]-N 1 -tert.butyl-L-prolinamide as a solid of melting point 101-103' C. 

Example 94 

In a manner analogous to that described in Example 92, from 0.15 g of N-(benzyloxycarbonyl)-L- 
phenylalanine, 0.066 g of hydroxybenzotriazole, 0.1 g of dicyclohexylcarbodiimide and 0.166 g of N Z -[3(S)- 
amino^tRJ-hydroxy^phenylbutylJ-N'-tert.butyl-L-prolinamide there was obtained 0.1 g of N 2 -[3(S)-[N- 
(benzyloxycarbonylJ-L-phenylalanyllaminol^lRJ-hydroxy^phenylbutyll-N^tert.butyl-L-prolinamide as a 
white solid of melting point 78-80 °C. 

Example 95 

In a manner analogous to that described in Example 92, from 0.152 g of N-(benzyloxycarbonyl)-3- 
cyclahexyl-L-alanine. 0.0B6 g of hydroxybenzotriazole, 0.1 g of dicyclohexylcarbodiimide and 0.166 g of N 2 - 
[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide there was obtained 0.1 g of N^tSCS)-^ 
[N-(benzyloxycarbonyl)-3-cyclohexyl-L-alanyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide 

of melting point 71 -75 " C. 
Example 96 

In a manner analogous to that described in Example 92, from 0.1 g of N-(benzyloxycarbonyl) L- 
asparagine, 0.05 g of hydroxybenzotriazole, 0.078 g of dicyclohexylcarbodiimide and 0.17 g of 1-[3(S)- 
amino-2(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R and S)-piperazrnecarboxamide 
there was obtained, after trituration with diethyl ether, 0.11 g of a white solid. This solid was purified by 
flash chromatography on silica gel using 10% methanol in dichloromethane for the elution. The first product 
eluted (isomer A) was 0.043 g of 1-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyt]amino>2(R)-hydroxy-4- 
phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide; MS: m/e 697 [M + H] + . 
The second product eluted (isomer B) was 0.007 g of 1-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]- 
2{R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide; MS: m/e 
697 [M + H] + . 

The 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)- 
piperazinecarboxamide used as the starting material was prepared as follows: 

(i) 0.65 g of 2-piperazinecarboxylic acid was dissolved in a mixture of 5 ml of water and 5 ml of dioxane, 
treated with 0.42 g of sodium bicarbonate and stirred for 5 minutes. 1.09 g of di(tert.butyl) dicarbonate 
were added and the mixture was stirred overnight. The mixture was concentrated by evaporation and the 
residue was extracted exhaustively with ethyl acetate. This procedure was repeated at pH 6 and pH 4. 
The aqueous layer, pH 4 : was then extracted with n-butanol. The combined organic extracts were dried 
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over anhydrous sodium sulphate and evaporated to give 0.34 g of 4-(tertbutoxycarbonyi)-2- 
piperazinecarboxylic acid as a cream coloured solid of melting point 226-229 B C. 

(ii) 0.1 g of 4-{tert.butoxycarbonyl)-piperazine-2-carboxylic acid was dissolved in 10 ml of IN sodium 
hydroxide solution, cooled to O'C and treated with 0.2 g of benzyl chloroformate. The mixture was 
allowed to warm to room temperature and was then stirred overnight. The mixture was extracted with 
diethyl ether. The aqueous phase was then acidified to pH 4 with 2M hydrochloric acid and extracted 
with ethyl acetate to give 0.06 g of l-(benzyloxycarbonyl)-4-(tert.butoxycarbonyl)-2-pipera2inecarboxylic 
acid as a white solid; MS: m/e 365 [M + H] + . 

(iii) 0.285 g of 1-(ben2y!oxycarbonyl)-4-(tert.butoxycarbonyl)-2-piperazinecarboxylic acid was dissolved in 
10 ml of dry tetrahydrofuran and cooled to -15' C while stirring. There was then added 0.09 g of N- 
ethylmorpholine followed immediately by 0.107 g of isobutyl chloroformate. The mixture was stirred for 5 
minutes and then 0.2 g of tert.butylamine was added dropwise. Stirring was continued overnight, during 
which time the mixture was allowed to reach room temperature. The solvent was removed by evapora- 
tion and there was obtained a buff coloured oil which was partitioned between ethyl acetate and water. 
The organic phase was washed in sequence with 10% citric acid solution, sodium bicarbonate solution 
and saturated sodium chloride solution and dried over anhydrous sodium sulphate. The solvent was 
removed by evaporation to give 0.185 g of 1-{benzy!oxycarbonylH-(tert.butoxycarbonyl)-N-tert.butyl-2- 
piperazinecarboxamide as a light brown oil; MS: m/e 420 [M + H] + . 

(iv) 1.1 g of i-(benzy!oxycarbonyl)-4-(tert.butoxycarbonyl)-N-tert.butyl-2-piperazinecarboxamide were dis- 
solved in 40 ml of ethanoL 0.1 g of 10% palladium-on-carbon was added and the mixture was 
hydrogenated at room temperature and under atmospheric pressure for 2 hours. The catalyst was filtered 
off. The filtrate was evaporated to give 0.74 g of crude product which was purified by flash chromatog- 
raphy on silica gel using 5% methanol in dichloromethane for the elution. After evaporation of the 
solvents there was obtained 0.44 g of 4-(tert.butoxycarbonyl)-N-tert.butyl-2-piperazinecarboxamide as an 
oil; MS: m/e 286 [M + Hf. 

(v) 0.395 g of 4-(tert.butoxycarbonyl)-N-tert.butyl-2-piperazinecarboxamidewas dissolved in 50 ml of dry 
isopropanol and treated with 0.413 g of 3(S)-(benzyloxyformamido)-1,2(S>-epoxy-4-phenylbutane. The 
mixture was stirred at room temperature for 72 hours. The solvent was removed by evaporation to give a 
brown semi-solid material which was purified by flash chromatography on silica gel using 5% methanol 
in dichloromethane for the elution. There was obtained 0.234 g of 1-[3(S)-(benzyloxyformamido)-2(R)- 
hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide as a mixture 
of diastereomers. 

<vi) 0.234 g of 1 -[3(S)-(benzyloxyformamido)-2(R-hydroxy-4-phenylbutylH-(tert.butoxycarbony l)-N- 
tert.butyl-2(R and S)-piperazinecarboxamide was dissolved in 20 ml of ethanol and treated with 100 mg 
of 10% palladium-on-carbon. The mixture was hydrogenated at room temperature and under at- 
mospheric pressure for 2.5 hours. The catalyst was filtered off and the filtrate was evaporated to give 
0.17 g of 1-[3(S) amino-2(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-N-tert.butyl-2(R and S>- 
piperazinecarboxamide which was used without further purification. 

Example 97 

0.035 g of 1-[3{S)-[[N-benzyloxycarbonyl)-L-asparaginyl]amino)-2(R)-hydroxy-4-phenylbutyl]-4- 
(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide (isomer A) was dissolved in 5 ml of ethyl 
acetate and treated with 5 drops of a saturated solution of hydrogen chloride in ethyl acetate. The mixture 
was left to stand at room temperature for 1 hour and then worked-up to give, after recrystallization from 
ethanol/diethyl ether, 0.024 g of 1 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4- 
phenylbutyl]-N-tert.butyl-2-(R or S)-piperazinecarboxamide hydrochloride (isomer A) of melting point 175- 
180 °C. 

Example 9B 

0.01 g of l-[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]aminoJ-2(R)-hydroxy-4-phenylbutyl]-4- 
(tert.butoxycarbonyl)-N-tert.butyl-2(R or S)-piperazinecarboxamide (isomer B) was treated with hydrogen 
chloride in ethyl acetate as described in Example 97 to give 0.007 g of 1-[3(S)-[[N-(benzyloxycarbonyl)-L- 
asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(R or S)-piperazinecarboxamide hydrochloride 
as a very hygroscopic solid; MS: m/e 597 [M + H] + . 
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Example 99 

In a manner analogous to that described in Example 92, from 0.091 g of N-(benzyloxycarbonyl)-3-cyano 
L-alanine, 0.05 g of hydroxybenzotriazole, 0.076 g of dicyclohexylcarbodiimide and 0.164 g of 1-[3(S)- 
amino-2(R)-hydroxy-4-phenylbLrtyl]^(tert^ there 
was obtained 0.075 g of a 60:40 mixture of diastereomers of 1-[3(S)-[[N-(benzyloxycarbonyl)-3-cyano-L- 
alanyl]amino3-2(R)-hydroxy-4-phenylbutyl]-4-^ as a 

buff coloured solid of melting point 80-85 'C. 

Example 100 

In a manner analogous to that described in Example 92, from 0.108 g of 3-cyano-N-(2-naphthoyl)-L- 
alanine. 0.054 g of hydroxybenzotriazole, 0.083 g of dicyclohexylcarbodiimide and 0.18 g of 1-[3(S)-amino- 
2(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyO^^ there was ob- 

tained 0.015 g of a 1:1:1:1 mixture of isomers of 4-(tert.butoxycarbonyl)-N-tertbutyl-1-[3(S)-[[3-cyano-N-(2- 
naphthoyl)-L-alanyl]amino]-2(R)-hydroxy-4-phenylbutyl]-2(R.S)-pipera2inecarboxamide as a solid; MS: m/e 
699 [M + H] + . 

The 3-cyano-N-(2-naphthoyl)-L-alanine used as the starting material was prepared as follows: 
0.114 g of 3-cyano-L-alanine was dissolved in 5 ml of 1N sodium hydroxide solution and treated with 
0.285 g of 2-naphthoyl chloride at 0'C. After acidification with 2M hydrochloric acid and flash chromatog- 
raphy on silica gel using 25% methanol in dichloromethane for the elution there was obtained 0.049 g of 3- 
cyano-N-(2-naphthoyl)-L-alanine of melting point 95-100 "C. 

Example 101 

In a manner analogous to that described in Example 92, from 0.048 g of 1-[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-4-tert.buty!-2(R and S)-piperazinecarboxamide, 0.015 g 
of quinaldic acid, 0.012 g of hydroxybenzotriazole and 0.018 g of dicyclohexylcarbodiimide there were 
obtained, after extensive flash chromatography on silica gel using 10% methanol in dichloromethane for the 
elution, 0.004 g of a pure single isomer A, 4-{tert.butoxycarbonyl)-N-tert.butyl-1-[2(R)-hydroxy-4-phenyl-3(S)- 
[[N-(2-quinoly!carbonyl)-L-asparaginyl]amino]butyl]-2(R or S)-piperazinecarboxamide, MS: m/e 718 [M + H] + , 
and 0.003 g of a single isomer B. 4-(tert.butoxycarbonyl)-N-tert.butyl-l-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2- 
quinoiylcarbonyl)-L-asparaginyl]amino]butyl]-2(R or S)-piperazinecarboxamide; MS: m/e 718 [M + H] + . 

The l-[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-4-(tertbutoxycarbonyl)-4-tert.butyl- -2(R 
and S)-piperazinecarboxamide used as the starling material was prepared as follows: 

0.06 g of 1 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-4- 
(tert.butoxycarbonyl)-N-tert.butyl-2{R,S)-piperazinecarboxamide (i.e. the product of Example 96 prior to the 
separation of isomers A and B) was dissolved in 20 ml of ethanol. 0.03 g of palladium-on-carbon was added 
and the mixture was hydrogenated at room temperature and under atmospheric pressure for 2 hours. The 
catalyst was filtered off and the filtrate was evaporated to give 0.048 g of 1-[3(S)-[[L-asparaginyl]amino]-2- 
(R)-hydroxy-4-phenylbutyl]-4-(tert.butoxycarbonyl)-4-tert.butyl-2-piperazinecarboxamide which was used 
without further purification. 

Example 102 

In a manner analogous to that described in Example 92, from 0.151 g of N-(benzyloxycarbony!)-3- 
cyano-L-alanine, 0.082 g of hydroxybenzotriazole, 0.126 g of dicyclohexylcarbodiimide and 0.212 g of 1-[3- 
(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide there was obtained, after re- 
crystallization from diethyl cther/n-hexane, 0.085 g of 1-[3(S)-[[N-(benzyloxycarbonyl)-3-cyano-L-alanyl]- 
amino>2(R)-hydroxy 4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarboxamide as a white solid of melting point 
74-77 • C. 

Example 103 

In a manner analogous to that described in Example 92, from 0.372 g of N-(benzyloxycarbonyl)-L- 
aspartic acid, 0.189 g of hydroxybenzotriazole, 0.288 g of dicyclohexylcarbodiimide and 0.54 g of N Z -[3(S)- 
amino-2(R)-hydroxy-4-(2-naphthyl)butyl]-N 1 -tert.butyl-L-prolinamide there was obtained, after recrystalliza- 
tion from isopropanol/n-hexane (1:4), 0.105 g of N2-[3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)- 
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hydroxy-4-(2-naphthyl)butyl]-N 1 -tert.butyl-L-prolinamide of melting point 149-151 

The N 2 -[3(S)-amino-2(R)-hydroxy^-(2-naphthyl)butyl]-N 1 -tert.butyl-L-prolinamide used as the starting 
material was prepared as follows: 

(i) 5 g of 3-(2-naphthyl)-L-alanine and 0.93 g of sodium hydroxide in 12 ml of water were cooled to 0"C 
s and stirred while a solution of 1.4 g of sodium hydroxide in 9 ml of water and 5 ml of benzyl 

chloroformate were added simultaneously during 10 minutes. Stirring was continued for 2 hours and the 
mixture was allowed to come to room temperature. The mixture was diluted with water and then 
extracted with diethyl ether. The aqueous layer was acidified with 4 ml of concentrated hydrochloric acid 
and extracted with ethyl acetate. The ethyl acetate extracts were back-washed with water. The combined 
to ethyl acetate extracts were dried over sodium sulphate, filtered, evaporated and triturated with petroleum 
ether (boiling point 40-60 ■ C) to give 7.5 g of N-(benzyloxycarbonyl)-3-(2-naphthyl)-L-alanine of melting 
point 109-111 - C. 

(ii) A solution of 7.5 g of N-(benzyloxycarbonyl)-3-(2-naphthyl)-L-alanine in 20 ml of dry tetrahydrofuran 
was stirred at -8 " C and treated with 3.5 ml of N-ethylmorpholine followed by 4 ml of t so butyl 

;5 chloroformate, added dropwise over a period of 10 minutes. The mixture was stirred at -8"C for a further 
20 minutes and cold (0 e C) anhydrous diethyl ether was added. The resulting white precipitate was 
filtered off and the cold filtrate was added dropwise to 100 ml of a stirred, cold (-8"C) solution of 
diazomethane in diethyl ether. The cooling was removed and the solution was stirred for 3 hours. Water 
was added while stirring. The organic phase was washed in sequence with water, sodium bicarbonate 

20 solution and saturated sodium chloride solution and then dried over sodium sulphate. The solvent was 
removed by evaporation to give a yellow oil which, on evaporation with petroleum ether (boiling point 40- 
60 "C), gave 9.4 g of a solid. Trituration of this solid with diethyl ether and refrigeration at 4 • C overnight 
gave 3,2 g of benzyl [3-diazo-1(S)-[(2-naphthyl)methyl]-2-oxopropyl] carbamate. 

(iii) 3.13 g of benzyl [3-diazo-1(S)-[(2-naphthyl)methyl]-2-oxopropyl] carbamate were dissolved in 200 ml 
25 of anhydrous diethyl ether and stirred while hydrogen chloride gas was bubbled through the solution. 

After 1 hour the initially-precipitated solid became more granular and excess hydrogen chloride was 
being emitted. Then, the solvent was removed by evaporation at room temperature and the resulting 
white solid was dried and freed from entrained hydrogen chloride in a vacuum over sodium hydroxide for 
2 hours. The resulting benzyl [3-chloro-1(S)-[(2-naphthyl)methyl]-2-oxopropyl] carbamate was used 
30 immediately in the next step. 

(iv) The foregoing benzyl [3-chloro-1 (S)-[(2-naphthyl)methyl]-2-oxopropyl] carbamate was dissolved in 
100 ml of 10% aqueous tetrahydrofuran. cooled to 0'C and treated with 0.456 g of sodium borohydride 
which was added carefully as the solid. The mixture was stirred at 0°C for 1 hour and then at room 
temperature overnight. The mixture was evaporated to give a white solid which was partitioned between 

35 dichloromethane and water. The slirred mixture was carefully acidified to pH 1 with concentrated 
hydrochloric acid. The phases were separated and the aqueous phase was back-extracted with dich- 
loromethane. The combined organic phases were dried over anhydrous sodium sulphate and evaporated 
to give 4.325 g of crude product of melting point 155-1 60 *C, This crude product was extracted with 
boiling n-hexane. After removal of the solvent by evaporation the residua was recrystallized from ethyl 

40 acetate/n-hexane to give 1.046 g of pure benzyl [3-chloro-2(S)-hydroxy-1(S)-[(2-naphthyl)methyl]propyl] 
carbamate of melting point 1 73-1 74 "C. 

(v) 1.02 g of benzyl [3-chloro-2(S)-hydroxypropyl-1(S)-[(2-naphthyl)methyl]propyl] carbamate were stirred 
in 40 ml of ethanol with 4 ml of 0.7M potassium hydroxide solution in ethanol for 0.75 hours. The solvent 
was removed by evaporation and the residue was partitioned between dichloromethane and water. The 

45 organic phase was dried over anhydrous sodium sulphate and evaporated to give a white solid which 
was recrystallized from ethyl acetate/n-hexane. There was obtained 0.879 g of 3(S)-(benzyloxyfor- 
mamidoM ,2(S)-epoxy-4-(2-naphthyl)butane as a white solid of melting point 115-1 16 " C. 

(vi) 0.465 g of 3(S)-(benzyloxyformamido)-1,2(S)-epoxy 4-(2-naphthyl)butane and 0.251 g of L-proline 
tert.butylamide in 10 ml of dry isopropanol was heated at 80 °C for 23 hours and worked-up as described 

so in Example 92(i) to give 0.483 g of N 2 -[3{S)-(benzyloxyformamido)-2(R)-hydroxy-4-(2-naphthyl)butyl]-N 1 - 
tert.butyl-L-prolinamide as a white foam melting at about 75-85 'C. 

(vii) A solution of 0.725 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-(2-naphthyl)butyl]-N 1 - 
tert.butyl-L-prolinamide was dissolved in 25 ml of ethanol and hydrogenated at room temperature and 
under atmospheric pressure over 0.5 g of 10% palladium-on-carbon for 20 hours. The catalyst was 

55 filtered off and the filtrate was evaporated to give 0.54 g of N z -[3(S)-amino-2(R)-hydroxy-L-(2-naphthyl)- 
butylJ-N'-tert.butyl-L-prolinamide as a white foam which was used without further purification. 
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Example 104 

In a manner analogous to that described in Example 92, from 0.133 g of N-(benzyloxycarbonyl)-L- 
asparagine, 0.068 g of hydroxybenzotriazole, 0.103 g of dicyclohexylcarbodiimide and 0.16 g of N 2 -[3(S)- 

5 amino^R^hydroxy^phenylbutyn-N'-tert.butyl^iRj-hydroxy-L-prolinamide, but using dichloromethane in 
place of ethyl acetate as the partitioning solvent and 20% methanol in dichloromethane for the chromatog- 
raphy and carrying out the re-evaporation with diethyl ether, there was obtained 0.1 g of N 2 -[3(S)-[N- 
(benzyloxycarbonyl)-L-asparaginyl amino^RHiydroxy^phenylbutyll-N^tert butyl-4<R)-hydroxy-L-pro- 
linamide of melting point 115'C. 

w The N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(R)-hydroxy-L-prolinamide used as the 
starting material was prepared as follows; 

(i) 2.65 g of N-(benzyloxycarbonyl)-4(R)-hydroxy-L-proline were dissolved in 10 ml of dry tetrahydrofuran 
and cooled to -10 'C while stirring with a magnetic stirrer. 1.15 g of N-ethylmorpholine were added 
followed immediately by 1.36 g of isobutyl chloroformate. The mixture was stirred at -10 "C for 30 

15 minutes and then 2.19 g of tert.butylamine were added. Stirring was continued at 10°C for 1 hour, the 
mixture was allowed to warm to room temperature during 2 hours and was then left to stand for 2 hours. 
The solvent was removed by evaporation in a vacuum and the residue was partitioned between ethyl 
acetate and water. The organic layer was washed with 10% citric acid solution and sodium bicarbonate 
solution and then dried over sodium sulphate. The solvent was removed by evaporation to give a solid 

20 which was triturated with diethyl ether and filtered off. There were obtained 2.23 g of crude product 
which was recrystallized from ethyl acetate/diethyl ether to give 1.57 g of N^benzyloxycarbonylhN 1 - 
tert.butyl-4{R)-hydroxy-L-prolinamide of melting point 128-130 °C. 

(ii) 0.224 g of ^-(benzyloxycarbonyO-N'-tert.butyl^lRJ-hydroxy-L-prolinamide was dissolved in 20 ml of 
ethanol and hydrogenated over 50 mg of 10% palladium-on-carbon at room tBmperature and under 

25 atmospheric pressure for 2 hours. The catalyst was filtered off and the filtrate was evaporated to give 
0.13 g of N 1 -tert.butyl-4(R)-hydroxy-L-prolinamide which was used in the next step without further 
purification. 

(iii) 0.13 g of NMertbutyl-4(R)-hydroxy-L-prolinamide and 0.208 g of 3(S)-(benzyloxyformamido)-1,2(S)- 
epoxy-4-phenylbutane in 10 ml of dry isopropanol were heated at 80 -C for 24 hours. Working-up in a 

30 manner analogous to that described in Example 33{iii) gave, after trituration with diethyl ether, 0.236 g of 
N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydro^ as a 

white gelatinous solid of melting point 135*C. 

(iv) 0.226 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(R)-hydroxy-L- 
prolinamide was dissolved in 20 ml of ethanol and hydrogenated over 40 mg of 10% palladium on- 

35 carbon at room temperature and under atmospheric pressure for 2 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to give 0.16 g of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutylhN 1 - 
tert.butyl-4(R)-hydroxy-L-prolinamide as a gum which was used without further purification. 

Example 105 

40 

In a manner analogous to that described in Example 92, but using dichloromethane in place of ethyl 
acetate as the partitioning solvent, using 20% methanol in dichloromethane for the chromatography and 
carrying out the re-evaporation with diethyl ether, from 0.067 g of N-(benzyloxycarbonyl)-L-asparagine, 
0.034 g of hydroxybenzotriazole, 0.052 g of dicyclohexylcarbodiimide and 0.08 g of N 2 -[3(S)-amino-2(R}- 
45 hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(S)-hydroxy-L-prolinamide there was obtained 0.03 g of N 2 -[3(S)-[[N- 
(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N'-tert.butyl-4(S)-hydroxy-L- 
prolinamide as a cream coloured solid melting at about 140*C. 

The N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N t -tert.butyl-4(S)-hydroxy-L-prolinamide used as the 
starting material was prepared as follows: 
so (i) 1.7 g of N-(benzyloxycarbonyl)-4{S)-hydroxy-L-proline were dissolved in 15 ml of dry dimethyllor- 
mamide while stirring and the solution was cooled to 0'C. 0.817 g of N-hydroxysuccinimide was added 
and the mixture was stirred while the temperature was allowed to rise to 20 ' C. The mixture was then 
stirred overnight at room temperature. The resulting dicyclohexylurea was filtered off and the filtrate was 
cooled to -lO'C. 2 ml of tert.butylamine were then added while stirring. Stirring was continued while the 
55 mixture was allowed to warm to room temperature and the mixture was then stirred overnight. The 
separated solid was filtered off and the filtrate was evaporated in a vacuum to give a gum which was 
partitioned between ethyl acetate and water. The organic layer was washed with 10% citric acid solution 
and then with saturated sodium bicarbonate solution. The aqueous phases were back-extracted twice 
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with ethyl acetate. The combined organic phases were dried over anhydrous sodium sulphate and 
evaporated to give a solid which was purified by flash chromatography on silica gel using 5% methanol 
in dichloromethane for the elution. There were obtained 1.36 g of a crude product which was 
recrystaliized from ethyl acetate/diethyl ether/petroleum ether (boiling point 40-60 "C) (1:4:4) and then 
5 stored at 4"C in a refrigerator overnight. There were thus obtained 1.127 g of N 2 -(benzytoxycarbonyl)- 
NMert.butyl-4(S)-hydroxy-L-prolinamide of melting point 131-132'C. 

(ii) 0.224 g of N 2 -(benzyloxycarbonyl)-N 1 -tert.butyl-4(S>-hydroxy-L-prolinamide was hydrogenated in a 
manner analogous to that described in Example 104 (ii) to give 0.135 g of IM 1 -tert.butyl-4(S)-hydroxy-L- 
prolinamide as a gum-like solid which was used in the next step without purification. 

w {iii) 0.135 g of N 1 -tert.butyl-4(S)-hydroxy-L-prolinamide and 0.208 g of 3(S)-(benzyloxyformamido)-1 f 2(S)- 
epoxy-4-phenylbutane in 10 ml of dry ethanol was stirred for 4 days at room temperature. The mixture 
was worked-up as described in Example 92(i). with the exception that the chromatography was carried 
out using 10% methanol in dichloromethane for the elution. There was obtained 0.11 g of N 2 -[3(S)- 
(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(S)-hydroxy-L-prolinamide as a foam. 

75 (iv) 0.11 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-4(S)-hydroxy-L- 
prolinamide was dissolved in 10 ml of ethanol and hydrogenated over 20 mg of 10% palladium-on- 
carbon at room temperature and under atmospheric pressure for 2 hours. The catalyst was filtered off 
and the filtrate was evaporated to give 0.08 g of N^tSfSJ-amino^RJ-hydroxy^phenylbutylj-N^tert.butyl- 
4<S)-hydroxy-L-prolinamide as a gum which was used without further purification. 

zo 

Example 106 

In a manner analogous to that described in Example 92. but using dichloromethane in place of ethyl 
acetate as the partitioning solvent, using 20% methanol in dichloromethane for the chromatography and 

25 carrying out the re-evaporation with diethyl ether, from 0.105 g of N-JbenzyloxycarbonylJ-L-asparagine, 
0.054 g of hydroxybenzotriazole, 0.082 g of dicyclohexylcarbodiimide and 0.17 g of N 2 -[3(S)-amino-2(R)- 
hydroxy-4-phenylbutyl]-4(R)-(tert.butoxyformamido)-N'-tert.butyl-L-prolinamide there was obtained 0.045 g 
of N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino}-2(R)-hydroxy-4-phenylbutyl]-4(R)- 
(tert.butoxyformamido)-N'-tert.butyl-L-prolinamide as an off-white solid of melting point 170-175 "C. 

30 The N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-4(R)-(tert.butoxyformamido)-N 1 -tert.butyl-L-prolinamide 
used as the starting material was prepared as follows: 

(i) 0.32 g of ^-(benzyloxycarbonyl^N'-tertbutyl^fSVhydroxy-L-prolinamide was dissolved in 5 ml of dry 
pyridine while stirring, cooled to 0 ■ C and treated dropwise with 0.82 ml of methanesulphonyl chloride. 
The solution was stirred at 0 ■ C for a further 2 hours. The mixture was poured into a mixture of ice and 

35 water which was then extracted wilh ethyl acetate. The combined organic extracts were washed with 2M 
hydrochloric acid and then with saturated sodium bicarbonate solution and subsequently dried over 
anhydrous sodium sulphate. After evaporation there was obtained 0.5 g of ISP-fbenzyloxycarbonylJ-N 1 - 
tert.butyl-4(S)-(methanesu!phonyloxy)-L-prolinamide as an oil which was used without further purification. 

(ii) 0.5 g of N 2 -(benzyloxycarbonyl)-N 1 -tert.butyl-4(S)-(melhanesulphonyloxy)-L-prolinamide was dissolved 
40 in 10 ml of dry dimethylformamide and treated with 0.330 g of sodium azide. The heterogeneous mixture 

was stirred and heated at 75 "C for 18 hours. The mixture was evaporated under an oil pump vacuum to 
give a solid which was partitioned between ethyl acetate and water. The ethyl acetate phase was washed 
with saturated sodium chloride solution and dried over anhydrous sodium sulphate. The solvent was 
removed by evaporation to give 0.345 g of N^benzyloxycarbonyl^RJ-azido-N^tert.butyl-L-prolinamide 
45 in the form of a gum. 

(iii) 0.345 g of N y -(benzyloxycarbonyl)-4(R)-azido-N 1 -tert.butyl-L-prolinamide was dissolved in 5 ml of dry 
tetrahydrofuran and the solution was evaporated. The residual gum was dissolved in 10 ml of dry 
tetrahydrofuran and treated under a nitrogen atmosphere with 0.262 g of triphenylphosphine. The 
resulting solution was left to stand under a nitrogen atmosphere at room temperature for 1 8 hours. 0.027 

so g of water was added and the solution was left to stand at room temperature for 24 hours. The solvent 
was then removed by evaporation and the residual gum was partitioned between water and diethyl ether. 
The aqueous phase was back-extracted with diethyl ether. The aqueous phase was then evaporated to 
give 0.09 g of NHbenzyloxycarbonyO^RJ-amino-N'-tert.butyl-L-prolinamide as a gum. After standing 
overnight at room temperature the diethyl ether extracts were combined and evaporated to give 0.7 g of 

55 an oil which was chromatographed on silica gel using 10% methanol in dichloromethane for the elution 
to give a further 0.16 g of ^-(benzyloxycarbonyl^tRJ-amino-N^tert.butyl-L-proIinamide as a gum. 

(iv) 0.21 g of N z -(benzyloxycarbonyl)-4(R)-amino-N 1 -tert.butyl-L-proiinamide was dissolved in a mixture of 
5 ml of dioxane and 5 ml of water. 0.056 g of sodium bicarbonate was added to give a solution to which 
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0.144 g of di(tert. butyl) dicarbonate was added. The mixture obtained was stirred at room temperature 
overnight. Solvents were removed by evaporation and the residue was partitioned between water and 
diethyl ether. The aqueous phase was back-extracted with diethyl ether and then with ethyl acetate. The 
combined organic extracts were washed with saturated sodium chloride solution and dried over 
anhydrous sodium sulphate. The dried extracts were combined and evaporated to give 0.27 g of N 2 - 
(benzyloxycarbonyl)-4(R)-(tert.butoxyformamido)-N 1 -tert.butyl-L-prolinamide as an off-white foam. 

(v) 0.25 g of ^-(benzyloxycarbonyl^RJ-^ert.butoxyformamidoJ-N^tert.butyl-L-prolinamide was dis- 
solved in ethanol and hydrogenated over 0.1 g of 10% palladium-on-carbon at room temperature and 
under atmospheric pressure for 4 hours. The catalyst was filtered off and the filtrate was evaporated to 
give 0.17 g of 4(R)-(tert.butoxyformamido)-N , -tert.butyl-L-prolinamide as a glass which was used without 
further purification. 

(vi) 0.17 g of 4(R)-(tert.butoxyformamido)-N 1 -tert.butyl-L-prolinamide and 0.178 g of 3(S)-(benzyloxyfor- 
mamido)-1,2(S)-epoxy-4-phenylbutane in 15 ml of dry ethanol were stirred and the resulting solution was 
left to stand at room temperature for 4.5 days. The solution was then heated at 40 "C for 96 hours. 
Working-up as described in Example 92(i), with the exception that the chromatography was carried out 
using 10% methanol in dichloromethane for the elution. gave 0.230 g of N / -[3(S)-(benzyloxyformamido)- 
2(R)-hydroxy-4-phenylbutyl]-4(R)-(tert.butoxyformamido)-N 1 -tert.butyl-L-prolinamide as a gum. 

(vii) 0.22 g of N 2 -[3(S)-(benzyloxyformamido)-2(R)-hydroxy-4-phenylbutyl]-4<R>-Etert.butoxyformamido)- 
NMert.butyl-L-prolinamide was dissolved in 10 ml of ethanol and hydrogenated over 0.05 g of 10% 
palladium-on-carbon at room temperature and under atmospheric pressure for 2 hours. The catalyst was 
filtered off and the filtrate was evaporated to give 0.17 g of N 2 -[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]- 
4(R)-(tert.butoxyformamido)-N 1 -tert.butyl-L-prolinamidc as a gum which was used without further purifica- 
tion. 

Example 107 

In a manner analogous to that described in Example 27, from 162 mg of 2-[[3(S)-[[L-asparaginyl]amino]- 
2(R)-hydroxy-4-phenyl]butyl]-N-tert.butyl-1 ,2,3,4-tetrahydropyrido[3,4-b]indole-1 (R or S)-carboxamide, (iso- 
mer B), 55 mg of quinaldic acid, 43 mg of 1-hydroxybenzotriazole, 0.04 ml of N-ethylmorpholine and 66 mg 
of dicyclohexylcarbodiimide there were obtained, after chromatography on silica gel using 3% methanol in 
ethyl acetate for the elution, 95 mg of N-tert.butyl-1 ,2,3.4-tetrahydro-2-[2{R)-hydroxy-4-phenyl-3(S)-[[N-(2- 
quino!ylcarbonyl)-L-asparaginyl]amino]butyl]pyrido[3,4-b]indole-1 (R or S)-carboxamide; MS: m/e 707 
[M + H] + . 

The 2-[[3(S)-[[L-asparaginyl]amino]-2(R)-hydroxy-4-phenyl]butyl]-N-tert.butyl-1,2.3,4-tetrahydropyrido- 
[3,4-b]indole-1(R or S)-carboxamide used as the starting material was prepared by hydrogenating-2-[3(S)-[- 
[N-(benEyloxycarbonyl)-L-asparaginyl3amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-1 ,2,3,4- 
tetrahydropyrido[3,4-b]indole-1(R or S)-carboxamide. 

Example 108 

A solution of 154 mg of trans-2-[3(S)-[(L-asparaginyl)amino}-2(R)-hydroxy-4-phenylbutyl]-N-tertbutyl- 
decahydro-(4aR,8aS)-isoquinoline-3(S)-carboxamide and 52 mg of quinaldic acid in 6 ml of dry 
tetrahydrofuran was cooled in an ice/salt mixture. 41 mg of hydroxybenzotriazole, 35 mg of N-ethylmor- 
pholine and 68 mg of dicyclohexylcarbodiimide were added and the mixture was stirred for 64 hours. The 
mixture was diluted with ethyl acetate and filtered. The filtrate was washed with aqueous sodium 
bicarbonate solution and with sodium chloride solution and then evaporated. The residue was chromatog- 
raphed on silica gel using dichloromethane/methanol (9:1) for the elution to give 50 mg of trans- N-tert.buty I- 
decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolyIcarbonyl)-L-asparaginyl]amino]butyl]-(4aR,8aS)- 
isoquinoline-3{S)-carboxamide as a white solid; MS: m/c 671 [M + H] + . 

The trans-2-[3(S)-[(L-asparaginyl)amino]-2(R)-hydroxy-4-ph0nylbutyl]-N-tert.butyl-decahydro-(4aR,8aS)- 
isoquino!ine-3(S)-carboxamide used as the starting material was prepared by hydrogenating trans-2-[3(S)-[- 
[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenyIbutyl]-N-tert.butyl-decahydro-(4aR,8aS)- 
isoquinoline-3(S)-carboxamide. 

Example 109 

A solution of 1.02 g of 1-[3(S)-amino-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)-piperidinecarbox- 
amide and 585 mg of N-(tert.butoxycarbonyl)-S-methyl-L-cysteine in 7 ml of dry tetrahydrofuran was cooled 
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in an ice/salt mixture. 394 mg of hydroxybenzotriazole, 335 mg of N-ethylmorpholine and 661 mg of 
dicyclohexylcarbodiimide were added and the mixture was stirred for 3 hours. The mixture was diluted with 
ethyl acetate and filtered. The filtrate was washed with aqueous sodium bicarbonate solution and with 
sodium chloride solution and then evaporated. The solvent was removed by evaporation and the residue 
was chromatographed on silica gel using dichloromethane/methanol (96:4) for the elution to give 630 mg of 
1-[3{S)-[[N-(tert.butoxycarbonyl)-L-cysteinyl]amino)-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl-2(S)- 
piperidinecarboxamide in the form of a white solid; MS: m/e 565 [M + H] + . 

Example 110 

A solution of 650 mg of N-tert.butyl-1-[3(S)-[(L-cysteinyl)amino]-2(R)-hydroxy-4-phenylbutylh2(S)- 
pipBridinecarboxamide and 242 mg of quinaldic acid was cooled in an ice/salt mixture. 189 mg of 
hydroxybenzotriazole, 161 mg of N-ethylmorpholine and 317 mg of dicyclohexylcarbodiimide were added 
and the mixture was stirred for 64 hours. The mixture was diluted with ethyl acetate and filtered, and the 
filtrate was then evaporated. The residue was partitioned between dichlorom ethane and aqueous sodium 
bicarbonate solution. The organic phase was washed with sodium chloride solution and then evaporated. 
The residue was chromatographed on silica gel using dichloromethane/methanol (19:1) for the elution to 
give 350 mg of N-tertbutyl-1-[2(R)-hydroxy-4-phen 
2(S)-piperidinecarboxamide as a white solid; MS: m/e 620 [M + H] + . 

The N-tert.butyl-1-[3(SH{L-cysteinyl)amino]-2^ 
used as the starting material was prepared as follows: 

A solution of 930 mg of 1-[3(S)-[[N-(tert.butoxycarbonyl)-L-cysteinyl]amino]-2(R)-hydroxy-4-phenyl- 
butyl]-N-tert.butyl-2(S)-piperidinecarboxamide in 7 ml of trifluoroacetic acid was stirred at 20 " C for 1 hour. 
The mixture was then evaporated to dryness and the residue was partitioned between dichloromethane and 
aqueous sodium bicarbonate solution. The organic phase was evaporated to give 650 mg of N-tert.butyl-1- 
[3(S)-[(L-cysteinyl)amino]-2{R)-hydroxy-4-phenylbutyl]-2(S)-piperidinecarboxamide as a colourless gum; MS: 
m/e [M*H] + . 

Example 1 1 1 

15 mg of freshly distilled acetyl chloride were added to a solution, which was cooled to 0 " C and stirred, 
of 12 mg of 4(R)-amino-N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl> 
N 1 -tert.butyl-L-prolinamide hydrochloride and 2 1 mg of sodium bicarbonate in 0.5 ml of water and 0.25 ml 
of dirnethylformamide. The mixture was stirred vigorously at 0* C for 5 hours and then left to stand at room 
temperalure overnight. The mixture was diluted with water and extracted with dichloromethane. The 
combined dichloromethane extracts were evaporated to give a gum which was purified by flash chromatog- 
raphy on silica gel using 20% methanol in dichloromethane for the elution. There were obtained 2 mg of 4- 
(R)-acetylamino-N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 - 

tert.butyl-L-prolinamide as a semi-solid; MS: m/e 639 [M + H] + . 

The 4(R)-amino-N 2 -[3(S)-[[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 - 
tert.butyl-L-prolinamide hydrochloride used as the starting material was prepared as follows: 

29 mg of N 2 -[3(SH[N 2 -(benzyloxycarbonyl)-L-asparaginyl]aminoh2(R)-hydroxy-4-phenylbutyl]-4(R>- 
{tert.butoxyformamido)-N' -tert.butyl-L-prolinamide were dissolved in 0.5 ml of a saturated solution of 
hydrogen chloride in ethyl acetate and left to stand at room temperature for 1 hour. The solution was 
evaporated and the residue was triturated with diethyl Bther and stored at 4 e C overnight. The separated 
solid was filtered off and washed with diethyl ether to give 19 mg of 4(R)-amino-N y -[3(S)-[[N-(benzyloxycar- 
bonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N 1 -tert.butyl-L-prolinamide hydrochloride as a solid 
of melting point 206-210 • C. 

The following Example illustrates the manufacture of a pharmaceutical preparation containing a 
compound of formula t or a pharmaceutical^ acceptable acid addition salt thereof as the active ingredient: 

Example A 

An aqueous solution of the active ingredient is filtered sterile and mixed while warming with a sterile 
gelatine solution, which contains phenol as a preserving agent, using amounts such that 1.00 ml of the 
resulting solution contains 3.0 mg of active ingredient, 150.0 mg of gelatine, 4.7 mg of phenol and distilled 
water ad 1.0 ml. The mixture is filled into vials of 1.0 ml capacity under aseptic conditions. 
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Claims 

Claims for the following Contracting States : DE, GB, FR, IT, NL, SE f LI, CH, BE, AT, LU 

1. Compounds of the general formula 




wherein n stands for zero or 1 : FT represents alkoxycarbonyl, aralkoxycarbonyl, alkanoyl. cycloal- 
kylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, alkylsulphonyl. arylsulphonyl. monoaralkylcar- 
bamoyl, cinnamoyl or a-aralkoxycarbonylaminoalkanoyl and R z represents hydrogen or R 1 and R 2 
together with the nitrogen atom to which they are attached represent a cyclic imide group of the 
formula ' 



O 




in which P and Q together represent an aromatic system; R 3 represents alkyl, cycloalkyl. aryl, 
aralkyl, heterocyclylalkyl, cyanoalkyl, alkylsulphinylalkyl, carbamoylalkyl or alkoxycarbonylalkyl or, when 
n stands for zero, R 2 can also represent alkylthioalkyl or. when n stands for 1, R 3 can also represent 
alkylsulphonylalkyl; R* represents alkyl, cycloalkyl, cycloalkylalkyl, aryl or aralkyl; R 5 represents 
hydrogen and R e represents hydroxy or R 5 and R 6 together represent oxo; R 7 and R 8 together 
represent a trimethylene or tetramethylene group which is optionally substituted by hydroxy, alkoxycar- 
bonylamino or acylamino or in which one -CH2- group is replaced by -NH-. -N (alkoxycarbonyl)-, -N- 
(acyl)- or -S- or which carries a fused cycloalkane, aromatic or heteroaromatic ring; and R 9 represents 
alkoxycarbonyl, monoalkylcarbamoyl, monoaralkylcarbamoyl. monoarylcarbamoyl or a group of the 
formula 



-CO CH NH- 

IlO 



.11 



(b) ; 



in which R 10 and R 11 each represent alkyl; 
and pharmaceutically acceptable acid addition salts thereof. 

2. Compounds according to claim 1, wherein n stands for zero, R 3 represents alkyl, cycloalkyl, aryl. 
aralkyl, heterocyclylalkyl, cyanoalkyl, alkylthioalkyl, carbamoylalkyl or alkoxycarbonylalkyl and R 7 and 
R B together represent a trimethylene or tetramethylene group in which one -CH 2 - group can be 
replaced by -NH- or -S- or which can carry a fused cycloalkane, aromatic or heteroaromatic ring. 
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Compounds according to claim 1 or claim 2. wherein R 1 represents alkoxycarbonyl, aralkoxycarbonyl, 
alkanoyl, cycloalkylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl or a-aralkoxycarbonylamino-al- 
kanoyl, preferably benzyloxycarbonyl, 2-naphthoyl, l-hydroxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3- 
benzyloxy-2-naphthoyl, 2-quinolyicarbonyl or 3-quinolylcarbonyl, and R 2 represents hydrogen. 

Compounds according to any one of claims 1 to 3 S wherein R 3 represents alkyl t cyanoalkyl, alkylthioal- 
kyl or carbamoylalkyl, preferably cyanomethyl, methylthiomethyl or carbamoylmethyl. 

Compounds according to any one of claims 1 to 4. wherein R 4 represents aralkyl, preferably benzyl. 

Compounds according to any one of claims 1 to 5, wherein R s represents hydrogen and R* represents 
hydroxy. 

Compounds according to any one of claims 1 to 6, wherein -N(R 7 )-CH(R a )(R 3 ) represents one of the 
following groups 






(C) 



Cd) 






(e) 
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(h) 



N 




(i) 



and 




wherein R 9 has the significance given in claim 1, R 12 represents hydrogen, hydroxy, alkoxycar- 
bonylamino or acylamino, R 13 represents hydrogen, alkoxycarbonyl or acyl, m stands for 1 or 2 and p 
stands for 1 or 2, preferably a group of formula (c) in which R 12 represents hydrogen and m stands for 
2 or R 12 represents tert butoxycarbonylamino and m stands for 1, a group of formula (d) in which R 13 
represents tert.butoxycarbonyl. a group of formula (e) in which m stands for 1 , a group of formula (f) in 
which m and p both stand for 1 or a group of formula (g), (i) or fj). 

8. Compounds according to any one of claims 1 to 7, wherein R° represents alkoxycarbonyl, monoatkyl- 
caroamoyl or a group of formula (b) given in claim 1, preferably tert.butoxycarbonyl, isobutylcarbamoyl, 
tert.butylcarbamoyl or a group of formula (b) given in claim 1 in which R 1D represents sec. butyl and R 11 
represents isobutyl. 

9. Compounds according to any one of claims 1 to 8, wherein R 1 represents benzyloxycarbonyl, 2- 
naphthoyl, 1-hydroxy-2-naphthoyl, 3-hydroxy-2-naphthoyl, 3-benzyloxy-2-naphthoyl t 2-quinolylcarbonyl 
or 3-quinolylcarbonyl and R 2 represents hydrogen, R 3 represents cyanomethyl, methylthiomethyl or 
carbamoylmethyl, R 4 represents benzyl, R 5 represents hydrogen and R 6 represents hydroxy and -ISI- 
(R 7 )-CH(R 8 )(R-) represents a group of formula (c) given in claim 7, in which R 12 represents hydrogen 
and m stands for 2 or R 12 represents tert. butoxycarbonylamino and m stands for 1 , a group of formula 
(d) given in claim 7 in which R 13 represents tert.butoxycarbonyl. a group of formula (e) given in claim 7 
in which m stands for 1 , a group of formula (f) given in claim 7 in which m and p both stand for 1 or a 
group of formula (g), (i) or (j) given in claim 7 and R 9 represents tert.butoxycarbonyl. isobutylcar- 
bamoyl, tert.butylcarbamoyl or a group of formula {b) given in claim 1 in which R 1 " represents sec.butyl 
and R 11 represents isobutyl. 

10. N 2 -[3(S)-[[N-(Bcnzyloxycarbonyl)-L-asparaginyl]amino]-2(R or S)-hydroxy-4-phenylbutyl]-NMortbutyl-L- 
prolinamide or N 2 -[3(SH[N-(benzyloxycarbonyl)-L-asparaginyl]aminoh2{R or S)-hydroxy-4-phenylbutyl]- 
NMsobutyl-L-prolinamide. 

11. A compound according to claim 1, selected from: 

N 2 -[3(S)-[[N-(Benzyloxycarbonyl)-L-asparagm^ 
(R)-thiazolidinecarboxamide, 

N-tert.butyl-1-[2(R)-hydroxy-3(S)-[[N-(2-naphthoyl)-L-asparaginyl]amino]-4-phenylbutyl]-2(S)- 
piperidinecarboxamide, 

1-[3(5H[N-(benzyloxycarbonyl)-L-asparaginyl]amino]-2(R)-hydroxy-4-phenylbutyl]-N-tert.butyl- 
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octahydro-fGaS.eaSJ-cyciopentatblpyrrcle-^^Sj-carboxamide. 

W3($H[N-(ben2ylcxycarbony^ 
piporidinecarboxarnide, 

2-[3($)-[[N-(l^nzytoxycarbonyl}-L-ssparag^ 
1 ,2,3,4-tetr ahydropyrido[3,4-b]indoie-1 -carboxarnide, 

N-tert.bLJtyi-3-[2(R)-hydroxy.3{S)-[[N-(2-nsphthoyl)-L.aSDarag nyl]aminoH-p^enytbutyl]-4(R). 
thiazolidinecaiboxarnide, 

NMert.butyl-N 2 -[2<R)-M^ 
proii.iamide N 2 -oxida, 

1 -[3(SH[N-{benzyloxycarbonyl)-3^^^ 
(SVplperidinecarboxamide, 

1-[3(SH[N-(benzylcxyearbonyl)-L-asp^ 
(tert.butoxycarbonyl)-N-tert.buty!-2(R or S)-piperazinecarboxamid3, 

W3;SH[N-(benzytoxycarbonyl)-3<y^^ 
(terti>utoxycarbonyl)-N-tdrt.butyl-2(Ror S)-piperazinecarboxarnid6. 

N^3($HfN-(ben2yioxycarbonyl)-^ 
fterl.butoxyPomnamido)-N 1 -tert.butyl-L-prolinamide, 

W3(SH[N-(3-benzyloxy-2-riaphM^ 
tert.butyl^tSrpiperidinocarboxamide. 

N-t3rt.bury!-1-[2(RVhyd«>xy^-phen 
piperidinecarboxamide 1-owde, 

N-tsrt.buty! 113(SH[^(3-hydroxy-2-nephthoyi)-L-a$p3^^ 
(S)-piperidinecarbcxann ide, 

irsns-2-[3(SH[N-(beazvloxycarbonyl)^^ 
decahydro-(4aR,8aS)-[soquinoIin6-3(S}-carboxamid6 ( 

4-{tort.butoxycarbcny!)-N-tert.^ 
a$paraginy!]aminc]buty!]-2(R cr SJ-piperazinecartoxamide, 

N -tert-bu:y!042(R).hydroxy<3{S)-^ 
2(S)-pip9rid!n3carboxarrtide. 

trans^Mert£utyl-dGcahydro-2-[2{R)-hydro^^ 
am!nc]buty!]-(4aR,8aS)-isoquino!ine-3(S)-carboxamide and 

^3rt.bLin/M-[2(RWiydroxy^phe^^^ 
pipertdinecarbo.vamide. 

12. MerlButyl H2(RH'y3roxy-4-phenyl-3($H^^ 

piperidinftcarbnxamide. 

13. NMart.3utyKK:tahydroO-[2(R)-hyd^ 
(3aS.6aS)-cyclop6nta[b]pyrro!e-2(S)<arDoxannrde. 

14. N-tertButyM,2,3>letrahydrD-2^^^ 
amino]butyl]pyrido[3,4-b]indo[6-i(R or S)-carboxarrtide. 

15. Compounds of the general formula 



i 4 

\,h /C Sc/ CK2 ~<ch/ 58 



wherein R represents hydrogen or the group 
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CH 

b 



R 3 represents alkyl, cycloalkyl, aryl, aralkyi, heterocyciyiaikyl, cyanoaikyl. alkylthioalkyl, alkyfsut- 
phinylalkyl, carbamoylaikyl or alkoxycarbonylaikyl; R 6 represents alkyi, cycloalkyi. cycloalkylalkyl, aryl 
or aralkyi; R 5 represents hydrogen and R s represents hydroxy cr R 5 and R 5 together represent oxo: R 7 
and R 8 together represent a trimethylene or tetramethyiena group which is optionally substituted by 
hydroxy, alkoxycarbonyiamino or acyiamino or in which ore -CH?- group is replaced by -NH-, -N- 
(alkcxycarbonyl)-. -Nfacyi}- or -S- or which carries a fused cycloaikane, aromatic or heteroarcmatic ring: 
anci R 3 represents alkoxycarbonyl. monoalkylcarbamoyi. monoaraikylcarbamoyl. rnonoarylcarbamoyl or 
a group of the formula 



•CO^ CH NH R 11 



(b); 



k 10 



in which FT 0 and R 11 each represent alkyl. 
5. Compounds ol the general formula 



S 2 R 4 (0\. 

i I T 



wherein n stands for zero or 1; R' represents alkoxycarhnnyi, aralkoxycarnonyl, alkanoyl, cycloa!- 
kylcarbonyl, arslkanoyl, aroyl. heterocyclylcarbonyl, alkylsulphony!, arylsuiphonyl, monoaralkylcar- 
bamoyi: cinnarooyl or o-aralkoxycarbonylamino-alkanoyl and R 2 represents hydrogen or R 1 and R 2 
together with the nitrogen atom to which they are attached represent a cyclic imtde group of the 
formula 



V 



N— 

(a) 



in which P and Q together represent an aromatic system; R 5 represents alkyl, cycicaikyl, aryl, 
aralkyi, heterocyclylalkyl, cyanoalkyl, aUyisuiphinylalkyi, carbamoylaikyl cr alkoxycarbonylaikyl or, when 
n stands for zero, R 3 can also represent alkylthioalkyl or, when n stands for 1, R 2 can also represent 
aikylsulphonylalkyl; H K represents alky!, cycloalkyl, cycles' kylalkyl, aryl or aralkyi; R- represents 
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hydrogen and R° represents hydroxy cr R- and R 6 together represent cxo; R r and R* tcgethw 
repress a irimethylene or tetram ethylene group which is substituted by amine; and R 3 represents 
alkcxycarbonyt moroalkyicatoanoyi, monoaralkyicarbamoyl monoaryicarbamoyl or e group of the 
formula 



—CO CH KH R 11 

I v o j 

R i0 



in which R' : and R' 1 each represent alkyi. 

17. Amino acid derivatives according to any one of claims i to U for use as therapeutically active 
substarices. 

18. Amino acid derivatives according to any one cf claims 1 ta 14 for use in the treatment or prophylaxis of 
viral infections. 

19. A process for the manufacture o1 a compound in accordance vvith any one of ciaims 1 to 14, which 
process comprises 

(a) for the manufacture of a compound of formula ! in which n stands for z&ro. reacting a compound 
of ihe general formula 

? 4 



k 2 n | 9 n 



wherein R\ R 5 , fi\ R 7 , R E and R s have the significance given in claim l. 
with an acid of the general formula 



R X -N 



CH- 



-COOH 



III 



wherein R\ R ; and R- have the significance given in claim 1, 
or a reacti vo derivative thereof, or 

{to) for the manufacture of a compound of formula ! in which n stands lor zero, H 5 represents 
hydrogen and R 5 represents hydroxy, reducing a compound of formula I in which n stands for *ero 
and R* and R G together represent oxo, cr 

[c) tor the manufacture of a compound o* formula I in which r. stands for zero and R* represents 
alkaioyl, cyctoalkylcarbcnyl, aralkanoyl, aroyl, heterocyclic arboryi, sdkyfsuiphonyl, ary (sulphonyl, 
ciT-namoyi or a-aralkoxycarbonylaminoalkanoyl and R 2 represents hydrogon or R 1 and R- together 
wiSh the ritrogen atom to which they are attached .-©present a cyclic imide group of formula (a) given 
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in claim 1 , reacting a compound of the general formula 

NaT Nh X ^CH^ IV 

wherein R 3 , R* . R & , R 6 , R 7 , R s and 

R 3 have the significance given in claim l. 
with an agent yielding an alkanoyL cycloalkylcarbonyl, aralkanoyl, aroyi, heterocyclylcarbonyl, 
alkyisuiphonyi. arylsulphonyi, cinnanoyi or c-aralkoxycarbonylamino-alkanoyl group or with an agent 
forming a cyclic imide group of formula la) given in claim 1, or 

(d) for the manufacture of a compound of formula I in which n stands for ^ero and R 1 represents 
monoaraikylcarbamoyl end R 2 represents hydrogen, reacting a compound of formula IV given earlier 
in this claim with a compound of the general formula 

R v -N = C = 0 V 



wherein R r represents aralkyl, 

or 

(e) fcr the manufacture of a compound of formula I in which R 3 represents a'kylsulphlnylaikyl and n 
stands for zero, oxidizing a compound of formula I in which R 3 represents alkylthioalkyl and n stands 
for zero, or 

(ft for the manufacture of a compound of formula I in which n stands for 1, oxidizing a compound of 
formula I in which n stands for zero, or 

(g) for the manufacture of a compound of formula i in which n stands fcr 1 and R 1 represents an 
aromatic N-heterocycly!caroonyl N-oxide group and R 2 represents hydrogen, oxioizing a compound 
cf formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbcnyl group and 
R 2 represents hydrogen, or 

(h) for the manufacture of a compound of formula I h which r» stands for 1 and R 3 represents 
alkylsulphonylalkyl, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
alky!sulptiinyla!ky:, or 

(i) for the manufacture of a compound of formula i in which R 1 represents carboxysubstituted aroyl, 
hydroxy-substituted aroyi or hydroctnnamoyl and R ? represents hydrogen, caialytically hydrogenat- 
ing a compound of formula I in which R 1 represents benzyioxycartxnyl-substituted aroyi, benzyloxy- 
substituted aroyl or cinnamoyl and R 2 repress nts hydrogen, or 

(j) tor the manufacture of a compound of formula I in which R 3 represents innjdazol-4-yi and/or R* 
represents hydroxy-substiluted ary! or hydroxy-substituted aralkyl and/or R 7 and R 3 together 
represent a trimethylene or tetramethylsne group in which one -CH2- group is replaced by *NH-< 
treating a compound of formula I in which R 3 represents Hbenzyloxyc3rbonyl)-imida2oi-4-yi and-'or 
R ft represents tert.butoxy-substituted aryi or tert.butcxy-substitutsd araikyl and/or R' and R K together 
represent a trimethylene or tetramethylene group in which one -CH2- group is replaced by -N- 
(tertbutoxycarbony;)-witri a strong acid, or 

(k) for the manufacture of a compound of formula I in which R 7 and R* together represent a 
trimethylene or tetrametnyi9ne group which is substituted by acyiamino or in which one -Chfe- grouo 
is replaced by -N(acyl)-, acylating a compound of the general formula 
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r1 A / co x „/ ch \ c / CH2 " 



A. 

R R 



— N Ft 



B' 



VI 



wherein n. R ! . R 2 , R 3 , R*. R 5 , R 6 and R s have the significance given in claim 1 and R ; and R a 
together represent a trimethylene or tetramethylene group which is substituted by amino or in which 
one -CH>- group is replaced by -NH-, 
and/or 

(!) if desired, separating a mixture of diastereo isomeric racemates into the diastereoisomeric 
recemates cr optically pure diastereoisomers, and<or 

(m) it desired, separating a mixture of diastereoisomers into The optically pure diastereoisomers, 
and/or 

(n) if desired, converting a compound of formula i obtained into a pharmaceutical^ acceptable acid 
addition salt 

20. A process according to claim 19 wherein compounds of formula i wherein n stands for zero, R 3 
represents alkyl, cycloalkyl, aryl, araikyl, heterocyclyiaikyl, cyanoaikyl, alkylthioalkyL carbsmoyialkyl or 
alkoxycarbonylnlky! and R 7 and R s together represent a trimethylene cr tetramethytene group in which 
one -CH 2 - group can be replaced by -NH- or -S* or which can carry a fused cycloalkane, aromatic or 
heteroaromatic ring and their pharmaceutical^ acceptable acid addition salts are manufactured accord- 
ing to embodiments (a), {b). (c), (d) and/or (n). 

21. A medicament containing an amino scid derivative according to any one of claims 1 to 14 and a 
therapeutically inert excipient. 

22. A medicament for the treatment or prophylaxis of virai infections, containing an amino acid derivative 
according to any one of claims 1 to 14 and a therapeutically inert excipient. 

23. The use of an amino acid derivative according to any cue of claims 1 to 14 lor the manufacture of a 
medicament for tr\e tractment or prophylaxis of viral infections. 

Claims tor the fol sowing Contracting State : ES 

1. A process for ths manufacture of compounds of the general formula 



R U CO CH ^-N^ R 5 

wherein n stands for zero or 1; R 1 represents alkoxycarbocyl, arelkoxycarbonyl, alkanoyl, cyclcaf- 
kyicarbonyl, aratkanoyl, aroyl. heterocyclyicarbony!, afkyisulphonyl, aryfsulphonyl, mo noaralky (car- 
bamoyl, cinnamoyl or ^-aralkoxycarbonylamino-alkancy! and R r represents hydrogen or R 1 and R* 
together with the nitrogen atom to v/htch they are attached represent a cyclic imide group of the 
formula 
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(a) 



in which P and 0 together represent an aromatic system; R 3 represents alky!, cycloalkyl. aryi. 
aralkyi, heterocyclylalkyl, cyanoaikyl, alkyisuiphinylaikyl, carbamoylaikyl or alkoxycanbonytalkyl or, when 
n stands for 2ero, R 3 can also represent alkyithioatkyl or, when n stands for 1, R 3 can also represent 
alkylsulphcnyiaikyl; represents aikyl. cycloaikyi. cycloalkylalkyl. ary! or aralkyl; Represents hy- 
drogen and R 5 represents hydroxy or R 5 and R r ' together represent cxo; R 7 and R 3 together represent 
a trimethylene or tetramethylene group which is optionally substituted by hydroxy, alkoxycarbony!amino 
or acylamino or in which one -CH:* group is replaced by -NH-, -N(sikoxycarbony!)\ -N(acylj- or -S- or 
which carries a fused cycloalkane, aromatic or heteroaromatic ring; and R s represents alkoxycarbonyl, 
monoaikyicarbamoyl monoaralkyicarbamoyl, monoarylcaifosmoyl or a group of the formula 



in which R 1C and R 11 each represent aikyl; 
and phar maceutically acceptable acid addition salts thereof, which process comprises 

(a) for the manufacture of a compound of formula t in which n stands for zero, reacting a compound 
of the general formula 




NH 



(b) 




II 



wherein R\ R 5 , R\ R 7 , R s and R 3 have the signiticance given above, 
with an acid of the genera! formula 




CH COOH 



III 




wherein R\ R ;: and R 3 have the signiticance given above, 
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or a reactive derivative thereof, or 

(b) for the manufacture of a compound of formula I in which n stands lor zero, R 5 represents 
hydrogen and R c repressnts hydroxy, reducing a compound of formula I in which n stands for zero 
and R E and R 6 together represent oxo, cr 

(c) for the manufacture of a compound of formula I in which n stands for zero and R represents 
aikanoyi. cycloalkylcarbonyl, araikanoyl. aroyl, heterocyclylcarbonyl, afkyfculphonyl, arylsuiphonyi, 
cir.namoyl or a-aralkoxycarbonylaminoalkannyl and R 2 represents hydrogen or R' and R* together 
with ihe nitrogen atom to which they are attached represent a cyclic imide group of formula (a) given 
in claim 1 , reacting a compound of the ganera! formula 



* 4 



R 7 



¥ \hAh /C V CH2 \ ^ 

CH Nh c ^CK"^ 

i 3 R 5 1* 



IV 



wherein R 3 , R\ R 5 , R 7 , R 2 and 

R 3 have the significance given above, 
with an agent yieiding an alkanoyi, cycloa'kylcarbonyi, araikanoyl, aroyl, heterocyclyicarbonyl, 
alkylsuiphonyi, aryisuiphenyi, cinnamoyi or a-arslkcxycarbonylamino-aikanoy! group or with an agent 
farming a cyclic imide group of formula (s) given earlier in this claim, or 

(d) for the manufacture o? a compound of formula I tn which n stands for zero and R" represents 
rncnoaralkylcarbamoyi and R 2 represents hydrogen, reacting a compound of formula IV given earlier 
in this claim with a compound c- the general formula 

R 1 -N = 0 = 0 v 

wherein R r represents aralkyi.. 

or 

(e) far the manufacture of a compound of formula I in which R 3 represents aikylsulphinyialkyl and n 
stands for ^ero. oxidizing a compound of formula I in which R 3 represents aikylihioalkyl and n stands 
for zerc, or 

if} for the manufacture of a compound of formula I in which n stands for 1 , oxidizing a compound of 
formula ! in which n stands for zero, or 

(g) lor the manufacture ot a compound of formula I in which n stands for 1 and R 1 represents an 
aromatic N-hsterocyciyicarbonyl N-oxide group and R 2 represents hydrogen, oxidizing a compound 
of formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbonyl gtou^ and 
R 2 represents hydrogen, or 

(h) tor the manufacture of a compound of formula I in which n stands for 1 end R s represents 
alkylsulphonylalkyl, oxidizing a compound of formula I in which n stands for 1 and R 3 represents 
aikylsulphinyiaikyl, or 

(i) for the manufacture of a compound of formula I in which R'' represents carboxy-substituted aroyl. 
hydroxy-substituted aroyl or hydrocinnamoyl and R 2 represents hydrogen, catalytically hydrogenat- 
ing a compound of formula I in which R' represents benzyloxycarbonyl-substituted eroyl, benzylcxy- 
substituted aroyl or cinnamoyi and R 2 represents hydrogen, or 

(j) for the manufacture of a compound of formula ! in which R 3 represents imidazol-4-yl and/or R" 1 
repr&sents hydroxy-subsiituted aryi or hydroxy-substituted a'&lkyi and/cr R 7 and R a together 
represent e trimethylene or tetramethylene group in which one -CH : »- group is replaced by -NH-, 
treating a compound of formula I in which R 3 represents 1-(t>enzylcxycarbonyl)-imidazcl-4-y| and/or 
R 4 represents tert.butoxy-sjbstituted aryl or ten butoxy- subsisted araikyi and/or R? and R 3 together 
represent a trimethylene or tetramethylene group in which one -CHk>- group is replaced by -N- 
(tert.butoxycarbcnyl)* with a strong acid or 

(k) for the manufacture of a ccmpound of formula i in which R 7 and fl s together represent a 
trimethylene cr tetramothylene group which is substituted by acyiamino or in which one -CHe- group 
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is replaced by -N(acyl)-, asylating a compound of the general formula 



I 



8' 



vr 



R' 



wherein n. R*. R ? , R* n l . Ff\ R s and R 5 have the significance given above and R r and R* 
together represent a trimethyiene or tetramathytene group which is substituted by amino or in which 
15 one -CH?- srcup is replaced by -NH% 

endtor 

(\) if desired, seperatsng a mixture of diBstereoisorneric racemates into th9 diastereoisomeric 
racemates or optically pure diastereoisomers, and/or 

fm) if desired, separating a mixture of ciastereoisomers into the optically pure diastoreoisomers, 
20 and/or 

(n) If desired, converting a compound of formula I ootaned into t pharmacsuticaiiy acceptable acid 
addition salt. 

2. A process according to claim 1, wherein compounds of formula S wherein n stands for zero, R 3 
56 represent aikyi, cycloalky!, aryl, arat<yJ, heterocyctylalkyL cyanoa!kyl : alkyithicalkyl, carbamoyialkyi or 

alkoxycarbonylalkyl and R 7 and R E together represent a trimothytere or tetramethylene group in which 
one -CHj- group can be replaced by -NH- cr -S- or which can carry a fused cycloalksna, aromatic or 
heteroaromatic ring and their pharmaceutical/ acceptable acid aadition salts are manufactured accord- 
ing to embodiments (a), (b), <c), (d) end/or (n). 

30 

3. A process according to claim 1 or claim 2, wherein R 1 represents alkoxycarbony!, aralkoxycarbonyl, 
aikanoyl, cycloaikylcarbonyl, aralkanoyi, aroy!, heteroeyclylcarbonyl or a-aralkoxycarbonylamino-al- 
kanoyl, preferably benzyloxycarbonyi. 2-naphthoyl, l-hydroxy-2-naphthoyl, 3-hydroxy-2-raphthoyi, 3- 
benzy!oxy-2-naphthoyl, 2-quinolyicarbonyl or 3-quinolylcarbonyl. and R 2 represents hydrogen. 

3$ 

4. A process according to any one of claims 1 to 3, wnerein R 3 represents alky!, cyanoaikyl, aikylthioalkyl 
or carbamoyialkyi, preferably cyanomsthyl, methyithiomethyi or carbamoy'methyl. 

5. A process according to any one of claims ^ to 4, wherein R* represents aralkyl, preferably benzyl. 

40 

6. A process according to any one of claims 1 to 5, wherein R 5 represents hydroQen and FF represents 
hydroxy. 

7. A process according to any one of claims 1 to 6. wheiein -N{R 7 )-CH(R 3 )(R 9 ) represents one of the 
45 following groups 



50 
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wherein R e has the significance given in claim 1, R* 2 represents hydrogen, hycfrox/, aikoxycar- 
oonylaminc or acylamino, R' 3 represents hydrogan, clkcxycarbony! cr acyl, m stands for i or 2 and p 
stands for 1 or 2, preferably a group of formula (cj in which R 1? represents hydrogen and rr, stands for 
2 or H' 2 represents ten butcxycarbjnylanmne and m stands tor 1, a group of formula (d) in which R' 3 
represents tgrtbutoxycarbony!, u group of formula (9) ir, which m stands for 1, a group of formula (f) in 
which n and p both stand *or 1 or a group of formula (gt, (i) or (j*. 

A process according to any one of cta-ms 1 to 7, wherein R 9 represents afooxycarbcnyl, reonoelkylcar- 
bamoyl or a group or formula (OJ given in claim 1, preferably tert.butoxycarbonyi. isobuiylcarbamoy!, 
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tert.butylcarbamoyl cr a group of formula (b) given in claim 1 in which R U) represents sec. butyl and R 11 
represents iscbulyl. 

9. A process according to any one of claims 1 to 8 wherein R 1 represents benzyloxycarbonyi, 2- 
naphthoyl, i-hydrcxy-2-riaphthoyl, 3-hydroxy-2-naphthoyl. 3-benzyloxy-2-naphthoy!, 2-quino!ylcarbonyl 

3-C|uinoly!carbonyl and R 2 represents hydrogen, R 3 represents cyanomethy', methylthiomethyl or 
carbarnoylmethyl, R* represents benzyl. R 5 represents hydrogen and R* represents hydroxy and -N- 
(R 7 )-CH(R8)(R2) ^presents a group of formula (c) given in claim 7, in which R* 2 represents hydrogen 
and m stands for 2 or R 12 represents terlhutoxycarbonyiarnino and m stands for 1 , a group of formula 
(d) given in claim 7 in which R 13 represents terthutoxycarhoryl. a group of formula (e) given in claim 7 
in which m stands for 1, a group of formula (f) given in claim 7 in which m and p both stand for 1 or a 
group of formula (q), (:) or (j) given in claim 7 and R 9 represents tert.butoxycarbonyi. isobuty (car- 
bamoyl tert.buty! carbamoyl or a group of formula (b) given in claim 1 in which R 13 represents sec.butyl 
and R' 1 represents isobuty!. 

10. A process according to claim 1, wherein N-tert.butyl 1-[2(RJ-hydroxy-4-phenyl-3(S)-[[M-(2- 
quinoiylcarbonyl)-L-asparaginyl]amino]bLtylj-2iS)-piperidin8carboxam!de is prepared. 

11- A process according to claim 1, wherein N-tert.butyl-octariydrcM-[2(R)-h^ 

quinciy!carbonyl)-L-asparaginyl]am^ is pre- 

pared. 

12. A process according to claim 1. wherein M-tert.Butyl-l^^.^tetrahydro-a-^JRj-hydroxy-^phenyl-SCSj-l- 
[N-ta-quinolylcarbonylH-asparasinyllaminoJbutylJpyridoia.^blindolehlfR or S>C5rboxamide is pre- 
pared. 

13. The use of an amino acid derivative of formula I set forth in claim 1 or a pharrnaceutically acceptable 
acid addition salt thereof for the manufacture of e medicament for the treatment or prophylaxis of viral 
infections. 

Claims for the following Contracting State : GR 

1. A process for- the manufacture of compounds of the general formula 



r1 ~V / cc \ /'\ \ / r8 



I 



wherein r stands for zero or 1; R 1 represents alkoxycarbonyl, arakoxycarbony], alkanoyl, cycloa!- 
kylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyi, alkylsulphonyl, arylsulphonyl, rnonoaralhylcar- 
bamoyf ; cinnamoyl or a-aralkoxycarbonylamino-alkanoy! and R 2 represents hydrogen or R 1 and R 2 
together with the nitrogen atom to whrch they ere aiteched represent a cyclic imide group of the 
formula 
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(a) 



in which P and Q together represent an aromatic system; R 3 represents alkyl, cydoalkyl. aryl, 
aralkyh heterocyclylaikyl, cyanoalkyl. alkylsuiphinylalky!, carbamoyl alkyl or aikoxycarbcnylalkyl or. when 
n stands for zero : R 3 can also represent aikylthloalky! or, when n stands for 1, R3 can also represent 
aikylsulphonylalkyl. Pf* represents alkyl. cydoalkyl. cyc!oa!kyia!Ky! t aryl or aralkyl; Ft 5 represents hy- 
drogen and R 5 represents hydroxy cr R- and R c together represent oxo; R 7 and R* together represent 
a trimethylene cr tetre methylene group which is optionally substituted by hydroxy, alfcoxycarbonylamino 
cr acylamino or in which one -CH2- group is replaced by -HH-. -Nfalkoxycarboiyi)-, -Nfecyi)- or -8- or 
which carries a fused cycioaikans, aromatic or heteroaromatic ring; and R 9 represents alkoxycarbonyi, 
mcnoaikylcerbamoyl, monoaralkylcarbamoy!, monoarylcarbamoyl or a group cf the formula 



in which R ir and R* 1 oach represent alkyl; 
and pharmaceutics^ acceptable acid addition salts thereof, which process comprises 
(a) for the manufacture of a compound of formula I in which n stands for zaro, reacting a compound 
of the general formula 

T 4 ^ . 

wherein Ft*, R s .. B 6 , R', R 6 6 ncf R s have the significance given above, 
with an acid of the general formula 



—CO 




(b) 





III 



wherein rV, fl 2 and R3 have the significance given above, 
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or a reactive derivative thereof, or 

(b) for the manufactjre of a compound of formula ! in which n stands for zero, R- represents 
hydrogen and R 6 represents hydroxy, reducing a compound of formula I ir, which n stands for zero 
and R s and R 5 together represent oxo, or 

(c) for the manufacture of a compound of formula I in which n stands for -zero and R 1 represents 
alkanoyl, cycioalkytcarbonyi, aralkanoyl, aroyl, heterocydy'tearbony!, alky (sulphonyl, arylsulphonyl, 
cinnamoyl or a-aralkoxycarbonyiaminoalkanoyl and R a represents hydrogen or R 1 and R 2 together 
with the nitrogen atom to which they are attached represent a cyclic inide group of formula (a) given 
earlier in this claim, reacting a compound of the general formula 




IV 



wherein R 5 , R\ R 5 , R 6 , R 7 , R 8 and 

R s have tho significance given above, 
with an agent yielding an alkanoyl, cycfoaikylcarbonyl, aralkanoyl, aroyl, heterocyclylcarbonyl, 
alkylsulphany!, arylsulphonyl, cinnamoyl or a-ara!koxycarbonylamino-aikanoyl group or with an agent 
terming a cyclic imide group of formula (a) given earlier in This ciaim, or 

(d) for the manufacture of a compound of formula I in which n stands for zero and R 1 represents 
monoara:kylcarbamoyI and R 2 represents hydrogen, reacting a compound of formula IV given earlier 
in this claim witn a compound of the general formuia 

R r -N = C = 0 V 

wherein R r represents araikyl. 

cr 

(e) fcr the manufacture of a compound of formula I in which R 3 represents a!ky!suiphinylaikyl and n 
stands for *ero, oxidising a compound of formula I in which R 3 represents alkylthicalkyl and n stands 
tor zero, or 

ff) for the manufacture ol a compound of formuia I in which n stands for 1. oxidising a compound of 
formula 1 in which n stands fcr 26 ro, or 

(g) for the manufacture of a compound cf formula i in which n stands for 1 and R 1 represents an 
aromatic N-heterocyclylcarbonyi N-oxide group and R 2 represents hydrogen, oxidizing a compound 
cf formula I in which n stands for 1 and R 1 represents an aromatic N-heterocyclylcarbcnyl group and 
n 2 represents hydrogen, or 

(h) for the manufacture of a compound of formula I In which n stands for 1 and R 3 represents 
alkylsulphony!a!kyl, oxidizing a compound of formula I in which n stanCs for ^ and R 3 represents 
alkylsulphinylaikyi, or 

(i) for the manufacture or a compound of formula I in which R' represents carboxy-substituted aroyi, 
hytiroxy-substituted aroyi or hydrocinnamoyl and R 2 represents hydrogen, catalyticaily hydrogenat- 
ing u compound cf formula ! m which R 1 reprecents benzyl oxycarbony I- substituted aroyl, bonzyloxy- 
substitutcd aroyl or cinnamoyl and R 2 represents nycrogea or 

(j) for the manufacture of a compound of formula I in which R 3 represents imi<taol-4-y! and/or R* 
represents hydrcxy-substituted aryl or hydroxy-substituted aralkyi and/or R 7 and R 5 together 
represent a trimcthylene or tetramethylane group in which one -CH 2 - group is replaced by -NH-, 
treating a compound of formuia I in which R 3 represents l-{benzyloxycarbonyl)-imidazol-4-yi and/or 
R 4 represents tert.bmoxy-eubstituted aryl or tert.butoxy-substituted aralkyi and'br R 7 anc R 8 together 
represent a trimerhyiene or tetrsmothyJonG group in which one -CH?- group is replaced by -N- 
(tert.butoxycarbony!)- with a strong acid, or 

(k) fcr the manufacture of a compound of formula I in which R 7 and R £ together represent a 
trimethylene or tetramsthyiene group which is substituted by acylamino or ir which one -CH £ - group 
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is replaced by -N(acyl)-, acylating a compound of the general formula 



? i l iV 

„!_» CO CH ^CK,-N 



VI 



I 



wherein n, R\ R 2 , R s . R 4 , R 5 . R 6 and Pr have the significance given above and R r and R* 
together represent a trimethylene or tetram ethylene group which Is substituted by amino or in which 
is one -Chh- group is replaced by -NH-, 

and/or 

(!) if desired, separating a mixture of diastereo isomeric racernetes into the diastereoisomeric 
recemales cr optically pure diastereoisomers, and/or 

(n) if desired, separating a mixture of diastereoisomers into the optically pure diastereoisomers, 
20 and/or 

(n) if desired, converting a compound of formula I obtained into a pharmaceutical^ acceptable acid 
addition salt. 

2. A process according to claim 1, wherein compounds of formula i wherein rt stands for aero, R 3 
25 represents alkyl cycloaikyl, aryl, araikyt, heierocyciylalkyl, cyanoalkyl, Elkyitnioalkyi. carbamoyl iky I or 

alkoxycarbonylalkyi and R 7 and together represent a trimethylene or fotramethylene group in which 
on9 -CH 2 - group can be replaced by -NH- or -S- ot which car carry a fused cycloalkane, aromatic or 
neteroaromfctic ring anc their phatmaceutically acceptable acid addition salts are manufactured accord- 
ing to embodiments (a), (b) t (c). (d) and/or (n). 

30 

3. A process according to claim 1 or claim 2, wherein R 1 represents aikoxycarbonyl, aralkoxycarbonyi, 
alkanoyl, cycloalkylcarbonyl ; araikanoyl. aroyl, het6rccyclyicarbonyl or a-aralkoxycarbonylamino-al- 
kanoyl, preferably ben zy loxycarbonyi, 2-naphtnoyi, 1 -hydroxy-2-napnthoyl, 3-hydroxy-2-napnthoyl, 3- 
benzyloxy-2-naphthoyi, 2-qL'inolylcarbonyl or 3-uuino)ylcarbonyl, and R 2 represents hydrogen. 

35 

4. A process according to any one of claims 1 to 3, wherain R 2 represents alkyl, cyanoalkyl, aikyithioalkyl 
or carbamoylalkyl, preferably cyano methyl, methyl Ihiomethyl or carbamoylmethyi. 

5. A process according to any o:ie of claims 1 to 4, wherein R a represents aralkyl, preferably benzyl. 

40 

6. A process according to any one of claims 1 to 5, wherein R 5 represents hydrogen and R r> represents 
hydroxy. 

T. A process according to any one of claims 1 to 6, wherein -N{R 7 )-CH(R 3 )(R 3 } represents one of the 
45 following groups 



so 
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wherein fl ? nas the significance givan in claim 1 , R ,; represents riydcogen. hydroxy, alkoxycar- 
bcnyJamino or acyiamirc, R 13 represents hydrogen, alkoxycarbonyl or gcyl, m stands for 1 cr 2 and p 
stands for 1 or 2, preferably a group ol formula (c) in which R :? represents nydrogen and rn stands for 
2 or R jJ represents tort butoxycarbonyiamino and tn stands for 1, a group of formula (d) in which R 3 
represents tert.butoxycarbonyi, a group of formula {e) in which m stancs for 1, a group of formula (f) in 
which m and p both stand for 1 or a group of formula (g), {»} or y). 

A process according to *ny one of claims 1 to 7, wherein R 3 represents alkoxycarbonyl, monoalkylcar- 
bamoyl or a group of formula (b) given in cl3im 1, preferably tert.butoxycarbonyl, isobutyl carbamoyl, 
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fertbuiylcarbamcyi or a group of formula (b) given in claim 1 in which R 1C represents sec .butyl ar.d R 11 
represents isobutyl. 

9. A process according to any one of claims 1 to 8 ; wherein R' represents benzytoxycarbonyi. 2- 
naphthoyl. t-hydroxy-2-naphthoyl, S-hydroxy-2 riaphthoyl. 3-benzyioxy-2-napnthcyi t 2-quinoiylearbonyl 
or 3-quinoiylcarbonyt and R* represents hydrogen, R 3 rep/ese.nts cyanomethyl, methylthiom&thyi or 
carbamoylmethyi, R 4 reprints benzyi, R 5 represents hydrogen and R 5 represents hydroxy and -N- 
(R 7 )-CH(R 8 XR 3 ) represents a g>uup uf formula (c} given in da ! rn 7, in which R 1 * represents hydrogen 
and rn stands for 2 cr R 1? represents tert-butoxycatanyiarmrto and m stands for 1, a group of formula 
(d) given in claim 7 in which R 1 ■ represents ieri.bulmrycarbonyi, a group cl formula (e) given in clam 7 
in which m stands for 1, a group of formula (f) given in claim 7 in which m and p both stand fcr 1 or a 
group of formula (g), (i) or (j) given in ciairn 7 and R n represents tert.butoxycarbonyl, isobutylcar- 
bamoyl. tert.butylcarbamoyl or a group of formula (b) given in claim 1 in which R 1D represents sec.butyi 
and R' 1 represents isobutyl. 

10. A process according to claim 1, wherein ISMerrbulyl 1-[2(R;^ydJOxy-4-pheny!-3($H[N-(2- 
qu!nojylcarbony!R-aspa'aginyi]amino]bu^^^ i3 prepared, 

11- A process according to claim 1, wherein N-te^buiy:^c?ahydrc-K2(R}^ 

quino!y!carDony!;-L-aspa^ j s pre . 

pared. 

12. A process according to claim 1 , wherein N-tdrt.But/l-i X^3>^atrahydro-2-[2(R)-hydro>;y-4-p!'(enyl-3(SK- 
[^^(2-quinoi/!carbO!V/0-L-asparaginylJamino]butyl]py^ido^3 ) 4-b!i^dol80(R or S)-carboxamide is pre- 
pared 

13. A process for the manufacture of a medicament, particularly to be used in the treatment or prophylaxis 
of viral infections, which process comprises cringing an amino acid derivative of formula i set forth in 
claim i or a pharmaceutical^ acceptable acid addition salt thereof into a galenical dosage form. 

14. Compounds of the general formula 



n 4 7 
R R 

/ \ 6 L» 

wherein R represents hydrogen or the group 



H 3 represents alkyl, cydoaikyt aryi, aratkyl, heterocyclyteikyl, cyanoalky), alkylthioalkyl, alkylaul- 
prvnylaikyi, carbamoylalkyl or alkoxy carbonylalkyi; R 4 represents alkyl, cyclcalkyl, eyclcalkyialkyl, aryl 
or ara'ky!; R 5 represents hydrogen and R 5 represents hydroxy or R 5 and R 6 together represent oxo; R 7 
and R a twjether represent a trimethylens or tetramethyleno group which is optionally substituted by 
hydrcHy, alkocycarbony iamino or acyJamino or in which one *CHi- group is replaced by -NH-.. -N- 
(alxoxyearocnyi)-, -N{acy0- or -S- or which carries a Jused cyc!oa!kane, aromatic or heteroaromatic ring; 
and R 5 represents EifcoxycaboryL monoaikylcarbamcyl, monoaralkylcarbarnoyl, monoarylcarbamoyl or 
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a group of the formula 



-co 7 \n X \h_r" 



R 



10 (b) 



in which R*° and R 1 ' each represent alkyl. 
15. Compounds of the general formula 



R 2 R 4 R 7 ' 

R U CO /C H ^CH 2 -N^ R 8 ' 



wherein n stands for zero or 1; R 1 represents alkoxycarbonyl,aralkoxycarbonyl : atkanoyi, cycioalkyi- 
carbonyl, araikanoyl. atoyi, he'erocyclylcarbonyi, alkylsulphonyl, aryl sulphonyl, monoaralkylcarbamoyl. 
cinnamoyi or a-aralkoxycarbonylarmino-alkanoyi and R 2 represents hydrogen or R 1 and R 2 together with 
the nitrogen atom ;o which they are attached represent a cyclic imio*6 group of the formula 



VI 




in which p and Q together rspresent an aromatic system; R : " represents alkyl, cycloalkyl, aryl, 
aralkyl, heterocyclytalkyl. cyanoalkyi. a!ky!sjlph;r,ylalkyl ; carbamoylalkyl or alkoxycarbonylalkyl or.'wheri 
n stands for jero. R- can also represent alkylthioalkyl or. when n stands for 1, R 2 car; aiso represent 
aikylsu:phonylaiKyl; R 1 represents alkyl, cycloalkyi, cycloadcyieikyl, ar/l or araikyi; represents 
hydrogen and R fi represents hydroxy or R s and R 6 together represent oxo; R r and R 8 together 
rapresem a trimethylen© or tetramethylene group which is substituted by amino; and R 3 represents 
alkoxycaibonyj, monoalkylcarbarnoyl. monoaralkylcarbamoyl, monoarylcarbamoy) cr a group of thg 
fotmula 



NH PC 



,11 



10 



(b) 



in which R ° arxJ R 11 each represent alkyl. 
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Patentansprtiche 

Patenter) sprtlche fur folgende Vertragsstaaten : DE, GB, FR, IT, WL, SE, Ll ( CH, BE, AT, LU 

1. Verbindungon der aiigemeinen Format 



R 

1 I 
R — N 



R 4 



U 



worin n fiir Null Oder 1 steht R' 1 Aikoxycarbonyl. AralkoxycarbonyL Aikanoyl, Cydceikylcarbonyl, 
Ara!kanoyl, Aroyl. Heterocyclylcarbonyi, Alkylsulphonyl, Arylsulphonyl, Monoaralkylcarbamoyl. Cinna- 
moyl Oder o-Aralkoxycarbcnylamino-cjlkanoy! und R< Wasserstoff bedeuten oder R 1 und R 2 zusemmen 
mit dcm Stic Icstoff ato nr f , an das sie gebunden sind. eine cyciische imidgruppe der Forms! 




in der P und Q zusammon eip aromatisches System darstsKen, bedeuten. R 3 Alky!. Cycloalkyl. 
Aryl, Aralkyl, Heterccyclyialky), Cyanoalkyl, AikylsulphinylaJkyl, CarbamoylalkyJ oder Alkoxycarbonylal- 
kyl bedeutet oder, wenn n fUr Null steht. R 3 auch Alkylthioalkyl oder, wenn n fUr 1 steht. R 3 auch 
Alkylsu'phonylalky! bedeuten kann, R* Alkyl, CycioeJkyl. Cyclcalkylalk/I, Aryl odor Aralkyl bedeutet, R b 
Wasserstoff und R 6 Hydroxy oder R 5 und R s zusammen Oxc bedeuten. R 7 unci R e zusammen eine 
Trimetnylen- oder Te^ramethylen-Gruppe bedeuten, die gegeberenfails durch Hydroxy, A Ikoxycarbo ny- 
iarnino oder Acyiarrtrno suhstituiert 1st Oder in der eine -CH 2 - Grippe durch -NH-, -N(AIkoxycarbonyl)- ; 
-N!Acy!;- oder -S-ersetzt ist oder aie einen kondensierten Cydoaikan-, aromatischen oder heteroaroma- 
tischen Ring tragi, und R 9 Aikoxycarbonyl, MGnoaky (carbamoyl, Moncaialkylcarfcamoyl. Mcnoarylcar- 
barnoyl oder eine Qmppe der Forme! 



KH 



-CO 



CH NH- 
JlO 



(b) 



in der R n und R M je Alkyl carstollen, bedeutet, 
und pharmazcutisch vet wend bare S&jrcadditionssalzo davon. 

2. Verbindungen nach Ansprych i. v/orin n fur Null steht, R 3 Al-cyl, Cycloalkyl, Aryl, Aralkyl, Heterocycly- 
laikyl, Cyanoalkyl Alkylthioalkyl, Carbamoylalkyl oder ASkoxycarbonylalkyl und R 7 jnd R 3 zusarr.rnen 
erne Trimothylen- oder Tetramethyien-Gruppe bedeuten, in der eine -CH 2 - Gruppe durch -NH- oder -S- 
ersetzt sein kann oder die einen kondensierten Cycloalkan-, aromatischen oder heteroaromatischen 
Ring tragen kann. 

3. Verbtndungen nach Anspruch 1 oder Anspruch 2, worm R 1 Aikoxycarbonyl, Araikoxycarbonyi, Aikancyi, 
Cyclcalkylcarbony!, Ara-kanoyl, Aroyl, Heterocyclyicarbonyl oder a-AralkGxycarbonylanrti no -aikanoyl, 



67 



EP 0 346 847 B1 



vorzugswe*se Benzyloxycarbonyl, 2-Naphthoyl : 1-Hydroxy-2-naphthcyl, 3-Hydroxy-2-naphthoyl t 3-Ben- 
zyloxy-2-naphthoyl, 2-Chinolylcarbonyl Oder 3-Chinolylcarbonyl und R 2 Wasserstoff bedeuten. 

Verbtndungen nach einerr, der AnsprOche 1 bis 3, wcrin R 9 Aikyl, Cyanoalkyi, Aikylthioalkyl Oder 
Carbamoylalkyl, vorzugsweise Cyanomathyl, Methylthiomethyl oder Carbamoylmetliy! badeutet. 

Verbtndungen nach etnem der Ansproche 1 bis 4, worin R* Aralkyi, vorzugsweise Benzyl, bed9utet. 

Varbindungen nach einem der AnsprOche 1 bis 5 : wot in R 5 Wasserstoff und R e Hydrox-y bedeuten. 

Verbindungen nach einem der AnsprOche 1 bis 6. worin -N(R 7 )-CH(R 3 )(R 9 ) eine der foig9nden Gruppen 
darstelft 
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worin R 3 die :n Anspruch 1 angegebene BedeutLtng hat, R 1? Wasserstoff, Hydroxy, Alkoxycarbony- 
iarnino Oder Acyiamino una R 13 Wasserstoff, Aikoxycarbony! oder Acyl bedeuten und m fdr 1 Oder 2 
und p fUr i oder 2 stehen, vorzugs* r eisa eine Gruppe der Formel (c), in dor R 1? Wasserstoff darsteilt 
und m fOr 2 stent oder R 12 tert.Buloxyearbonylamino bedeutet und m fUr 1 stent, eine Gruppe der 
Formel (d). in der R :3 tert.Butoxycarbonyl bedeutet, eine Gruppe der Furme! (e), in der m fUr 1 steht, 
aire Gruppe de^ Formel (f), in der m und p beide far 1 stehen oder erne Gruppe der Formel (g), (i) 
oder (j). 

8. Verbindungen nach einem der AnsprUche 1 bis 7, worin R s Atkoxycarbonyi, Monoallcylcarbamoy! oder 
eine Gruppe der in Anspruch 1 angegebenen Formal (b), vorzugsweise tert.Butoxycarbonyl, Isobutyl- 
carbamoyl. iert.Butylcarbamoy!, oder eine Gruppe der En Anspruch 1 angegebenen Formel (b). in der 
R-° sec.Butyf und R* 1 Isobutyl darstel!en, bedeutet. 

9. Verbindungen nach einern der Anspruche 1 bis 8. worin R 1 Bsnzyloxycarbonyl. 2-Naphthoyl. 1- 
Hydrcxy-2-naphthcyl, 3-Hydroxy-2-naphthoyl, 3-Benzytoxy-2-naphthoyI, 2-Chinolylcartoonyl oder 3-Chi- 
no!ylcarbonyl, R- Wasserstoff, R 3 Cyanornethyl, Methylihiomethyl oder Carbamoy!metriyl ; R* Beruyl, 
R 5 Wasserstoff, R G Hydroxy und -N(R>CH(R*)(R- > eine Gruppe der in Anspruch 7 angegebenen 
Formel (c) darsteiien, in der R 12 Wasserstoff darsteilt und m iOr 2 stent oder R 12 
tert.Butoxycarbonylamino darsteilt und m for 1 steht, eine Gruppe der in Anspruch 7 angegebenen 
Formel (d), in der R 13 tert.Butoxycarbonyj bedeutet, eine Gruppe dor in Anspruch 7 angegebenen 
Formel (e), in der m fur 1 steht, eine Gruppe der in Anspruch 7 angegebenen Formel (f). in der m und 
p beide fur 1 stehen, odor oinc Gruppo der in Anspruch 7 angegobenon Formel (g), (i) oder (j). und R 5 
tert-Biitoxycarbony!, Isobutylcartamoyl, tertButyicarbamoyl oder eine Gruppe der in Anspruch 1 
angegebenen Formel (b) bedeutet, in der R 1C sec.Butyl und R n Isobutyl bedeuten. 

10. rvj 2 -[3(Sh[[N-<Ben2yloxycErt'onyl)-L-asparaginyi]-amino3-2(R oder S)-hydroxy-4-phenylbutyl]-N-- 
tert.butyl-L-proiinarnid Oder N--(3(S)-[[N-(Ben2y!oxycarbonyl)-L-asparaginy I ]anritno)-2(R oder S)-hydroxy- 
4-phsnylbutyl)-N"-isobutyl-L-prolinamid. 

11. Verbindung nach Anspruch 1. eusgewShlt aus: 

NM3(S)-[[N-(Benzyloxycafbory^ 
(RJ-tfiiazolidincartoxamid, 

N<9rt.ButyM-[2(R)-hydroxy-3(S)^ 
pipertdin-carboxamid, 

W3(S)-[[N-<Beiu7ioxycaruynyH-3S 
orf.3hydro-(3aS,6aS) cycioper.ia[b]py'roi-2(S)-carboxamicJ. 

1-[3;SH[N-(BenzyioxycarbonyH^ 
piperidincarocxamid, 

2"l3(S)-[[N-(BenzyloxycaKbonyl)-L«^ 
1 .S.S^-tettahyaropyrldo^-bjindol-i -carbcxamid. 

N-t9ri.Butyi-0-[2(R)-hydroxy-3(S)-[[N-(2-naphthcylrL-asparaginylJamino]-4*ph 
tniazolidincarboxamid, 

NMert.BuiyM 9 42(R)-hydro^^ 
proiinamtd-N^oxid, 

W3(SH[N-(Ber:zyloxyc3fbonyi^ 
(S)-piperidincarboxarnid, 

H3(S)-[FN~{BerzyloxycarDonyr)-L-aspa^ 
(ten.butoxycarbonyl)-N-tert butyl-2<R oder S)-piperazin-carboxamid. 

^[3(S)4[N-{Berzyioxycarbonyi)-3<:yano-L-a!anyl]arnir.o]-2{R)-hydroxy-4-phonylbJty!]-4- 
(tert.butoxycarbonyi)-N-tert buly!-2(R Oder S)-piper3zin-carboxanr>iU 

NM3(S)-[[N-(3enzyloxycerbonyi)^^ 
(tert-butoxy-formamidoJ-ISI'-tert.butyl-L-proliriarnid, 

H3(SK[N-(3-B9n2y!oxy-2-naphthoy))-L-aspa 
i8it.butyl-2(S)-piperidin-carboxeraid. 

N-tsrt.ButyM-[2(R;-hydroxy^ 
piperidincarboxamid-1 -oxid, 

^9rtButyM-[3($H[^<3-hydroxy-2.nap^ 
2(S)-piperi<3in-carbcyamid, 
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trans-2-[3(S)-[[N-(B3nzy!oxycar:>ony^ 
rertbutyl-decahydro{4aR,8aS)-i$ochinoltr!-3($}-carbox£iT i id, 

4-(teaButoxycarbonyl}-^ert.butyM-[2(R^ 
asparaglnyl]-amino]buty!3-2(R Oder S)-pipora2in-carboxamid. 

N-tert.Butyl-1-[2(R)-hydroxy-3(SM[^^^ 
2(S)-piparidin-carboxarnid, 

trans-N-tert Butyl-decahydro-2-[2(R^ 
arnino]butyli-(4aR,8aS)-iscchinolin-3(S>carboxamid und 

Weri.ButyM-[2(R)-hydroxy-4-ph9^ 
piperldi.n-carbsxarnid. 

12. N-teributyM-[2(RhM™*y-4-pte^ 
piD3r;din-carboxamid. 

13. N-teri.Butyl-octahydro-H2(R)-^ 
butyll-CSaS.eaSJ-cyclopentafblpyrrol^CSy-carboxamid. 

14. N-tert.But/MAS.^tetrahydro-a^ 
amino]butyl!pyrido[3.4-b3indol-l(R Oder $)-carbo*amid. 

15. Verbindungen der allgemsinen Fornne! 



^•5 




worin R Wasserstotf oder die G'uppe 



X 



CH 
I 



R 5 Alkyl, Cycioaikyl, Aryi, Aralkyl, Heterocyclylaifcyl, Cyanoalkyl. ANcylthioaikyl, Alkylsulphinyialkyl, 
Carbamoylaikyi oder Alkoxycarbonytalkyl, R 1 Alkyl. CydoaJkyl, CycloalkylalkyL Aryl ocer Araiky). R* 
Wasserstoff und R< Hydroxy oder und R 6 zusarr.men Oxo und R 7 und R £ zusammen sine 
Trtmoihylen- odor Tetramethylen-Gruppe bedeuten, die gegebenonfalls durch Hydroxy, Alkoxycarbony- 
laminc oder AcyiaTiino subsiibierl hi oder in der eine -CH.- Gruppe durch -NH-, -N(Aikoxycerbonyl)-. 
-N(Acy!>- oder -S- ersetzt ist oder die einen kondensierten Cycloalkan-, aromatisshen Oder heteroaro- 
matischen Ring tragt. und R 9 Alkoxycarbonyl, Monoalkylcarbamoyi, Monoaralkyicarbamoy), Monoary!- 
carbarroyl oder cine Gruppe der Formci 



NH CO 
'10 



.11 



(b) 



worin R 1S und R' 1 je Alkyl darstelien, bedouret. 
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16. Vsrbindungen dsr aHgeir.eiran Fcrmei 



l°K a 7 ' 

«» n R 

T 



CO cm ch„ M 

X C» X X ,B / >^ * \,/ 

R R R° H y 



Vi'orin n fur Null Oder 1 steht R 1 Aikoxycarbony), Aralkoxycarbony!, A!kanoyi, Cydcalkyicaitony), 
Araikanoyl. Aroyl. Hetsroeyclylcarbonyl, Alkylsulphonyl Aryisulphonyl. Monoaraikylcarbamoyl. Clnna- 
moyi Oder ci-Araikoxycarborrylamino-alkanoyl unci R 2 Wasserstoff bed&uten odor R 1 und R 2 zusammen 
rr.lt dem St.ckstoflatom, an das sie gebunden sird : eine cyclische ;midgruppe der Formsl 




in der P und Q zusammen e ! n arnmatsches System darstelien, bedsutsn, rs Alky!, Cycloalfcyl, 
Aryl, Aiaikyi, Heterocyciylalfcyi, Cyenoa!kyl : Aikylsulpttnylaikyi, Carbarnoyiaiky! Oder Aikoxycarbony lai- 
Ky: fcoaoutet oder ; wonn n fur Null steht, R 3 auch Afkyffhisalkyt oder, warn n ftir 1 stoht, R 3 aoch 
A!Ky!sulphony!a!kyi bedeuten kanrv R 4 Alky!, Cycioalkyl. Cycloalkyiaikyi. Ary! Oder Araikyi bedeutet, R E 
Wasserstoff und R G Hydroxy oder R s und R G 2usammen Oxo bfideut9n, R'' und R 8 ^usanm&n eine 
Trimethylen- oder Te^arr-ethyien-Gruppe bedeu'er, die durch Amino substituted ist, und R a Alko/ycar- 
bonyl, MormlkyJ-jarbamoyl, Morioaralkylcarbamoyi, Moriciarylcarbamoyl oder eine Gruppe der Forme! 

CO 

00 CH NH * U 

in der R° und P.* 1 je Aikyi cafstellen, bedeutet. 

17. Aminosauro-Derlvete nach eirvem der AnsprUche 1 bis 14 zur Varwendung a! a therapeuliscrvs WU'kstof- 
fe. 

18. Aminosaure-Derivats nacii t-tnem der AnsprElche 1 bis 14 zur Vonvendung boi dor Behandiung odor 
Prcphyiaxc von viralen Infcfaioncn 

19. Vsrfahren >ur Hers'siiung einer Veroindung gemafi oiren dyr AisprCche 1 bis H woiches Verfahren 
umfasst. da3S rran 

{a) f lir dio HerstsNung airier Wsindung der Formal I, in dor n tOr Null sloht. eine Vsrbindung der 
allgexeinon Formei 
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6 



II 



worin R\ R ; . R s , R 7 . R 3 unci R £ die in Anspruch 1 angegebene Bedeutung haben. 
nnit einer Saure der aliQemeinen Formel 



R 4, 




III 



I 1 



worin R\ R 2 und R 3 die in Anspruch 1 angegobene Bedeutung haben, 
Oder einem neaktiven Derivat davon urnset2t Oder 

(b) zur Hersteliung einer Verbindung der Formei I. in der n fur Nu!l steht und R 5 Wasserstoff ur.d R 6 
Hydroxy bedeuten, eine Verbindung der Formel i, in der n fOr Noli steht und R 5 und R 5 zusammen 
Oxo bedejten, reduziert Oder 

(c) zur Hersiellung einer Verbindung der Formel I, in der n fUr Null steht und R' Alkanoyi, 
Cyctoalkyl car bony!. Araikanoyl. Aroyi, Heterocyclyicarbonyl, Alkylsulphcnyl, Arvlsulphonyi, Cinna- 
mcyl Oder a-Arattoxycarbonylamincalkanoyi und R 2 Wasserstoff Oder R- una R 2 zusammen mit dem 
Stickstoffetom, an das sie gebunden sind, eine cyclische Imidgruppe der in Anspruch 1 engegebe- 
nen Fcrrnei (a) bedeuten, eine Verbindung der allgenneingn Formel 



win R* R\ R% Rf. R 7 , R s und R 9 die in Anspruch 1 angegebene Bedeutung haben, 
mit einem eine Alksnoyk Cycloalkylcarbcnyk Aralkarioyl-, Aroyl-. Heterocycrylcarbonyh Alkylsulp- 
honyh Ary (sulphonyl-, Cinnamoyl- oder a-Afaikox/carbonyiarnino-aikanoyl-6ruppe liefernden Mittel 
odor mit einem eine cycftsche Imidgruppe der in Anspruch 1 angegebenen Formel (a) bildenden 
Mittc! umsctzt odcr 

(d) zur Hersteliung oiner Verbindung der Formel I, in der n fl'r Null steht und R 1 Mcnoaralkylcarca- 
moyl und R 2 Wasserstoff bedeuten, eine Verbindung der vorher in diescm Anspruch angegebenen 
Forme! IV mit einer Verbindung der ailgemeinen Formel 

R r -N = C = 0 V 

worin R 1 Aralkyi bedettet, 
umsetzt oder 






IV 
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(e) zur Hersteilung einer Verbindung der Formel I, in der R 3 Alkylsulphinylalkyl bedeutet und n fur 
Null stent, eine Verbindung der Formei t, in der FT 1 Alkykhioalkyl bedeutet und n fur Null steht, 
oxidiert Oder 

<f) zur Hersteilung einer Verbindung der Formei 1, in der n fur 1 steht, eine Verbindung der Forrnel i, 
in der r. fur Null stent, oxidiert oder 

(g) zur Hersteilung einer Verbindung der Forrnel I, ;n der n fUr 1 steht und R* eine aromatische N- 
Heferocyclylcarbonyl-N-oxid-Gruppe und Wasserstoff bedeuten, eins Verbindung der Formei I, in 
der n fOr 1 steht und R 1 eine arornatische N-Heterocyclylcarbonyl-Gruppe und R 2 Wasserstofl 
bedeuten, oxidiert oder 

(h) zur Hersteliung einer Verbindung der Formei I, in der n fur 1 steht und R 3 AlkYlsulphonylalkyl 
bedeutet, eine Verbindung der Formei I, in der n ftir 1 steht und R 3 Alkylsulphinylalkyl bedeutet. 
oxidiert ode; 

(i) zur Herstellung einer Verbindung der Formei I in der R 1 Carboxy-substiiuiertes Aroyl, Hydroxy- 
substituiertes Aroyl oder Hydrocinnamoyl und R 2 Wasserstoff bedeuten. eine Verbindung der Forrnel 
I, in d6r R 1 Benzyloxycarbonyl-substituiertes Aroyl, Benzy!oxy-substituiertes Aroyl Oder Cinnamoyl 
und R' Wasserstoff bedeuten, katalytisch hydriert oder 

(j) zur Herstellung einer Verbindung der* Forrnel I. in der R- lmidazoI-4-yl und/odei R* Hydroxy- 
substituiertes Aryl oder Hydroxy-substituiertes Aralkyl und/oder R 7 und R 8 2usarnmen eine Ttirne- 
thylen- oder Tetramethy'en-Gruppe bedeuten, in der cine -CIV Gruppe durch -NH- ersetzt ist, eine 
Verbindung der Formei I, in der R 3 1-(Benxy!oxyca'banyl)-!midazol-4-yl und/oder R 4 tert.Butoxy- 
substituiartes Aryl oder tert.Butoxysubstituiertes Aralkyl und/oder R 7 und R 8 zusammen eine 
Trimoihylen- oder Tetramcthylcn- Gruppe bedeuten. in der eine -CH 2 - Gruppe durch -N- 
(tert.ButoxyearbDnyi)- ersetzt ist, mit einer starken Sa*ure behsndelt Oder 

(k) zur Hersteilung einer Verbindung der Forrnel I, in der R 7 und R 8 zusammen eine Trimethylen- 
oder Tetramethyien-Gruppe bedeuten, die durch Acylamtno substituiert ist Oder in der eine -CH 2 * 
Gr jppe durch -N(Acyl)- ersetzt ist. oine Verbindung der aligemeinen Forrnel 



wonn n, R', R 2 , R 3 , R\ R 5 , R € und R 9 die in Anspruch 1 angegebene Bedeutung haben und R 7 ' 
und R e zusammen eine Trimetriyien- Oder Teiramethylen-Grt-ppe bedeuten, 6\3 dutch Amino 
substituiert ist oder in der eine -CH? -Gruppe durch -NH- ersetzt ist, 
acyliert uncteder 

(I) erwOnschtentails eine Mischung von aiastereoisomerer Racematen in die diastereoiscmerer 
Racemate oder optlsch reine Diastereoisomeren auftrennt und/otier 

(m) erAiJnschtenfalis eine Mischung von Diastereoisomeren in die optisch reinen Diastereoisomeren 
auftrennt und/oder 

(n) erv/jnschienfaHs eine erhalt&ne Verbindung der Formei I in ein pharmazeutisch verwendbares 
Saureadditionssalz umwandelt 

20. Vsrfahr-n nach Anspruch 19, worin Vcrbmdungcn ocr Formei I, worin n fur Null steht, R 3 Alky!, 
Cycloalkyl, Aryl, Aralkyl, Heterocyclyialkyl, Cyanoaiky!, Alkylthioalkyl, Carbamoylalky! Oder Aikoxycarbo- 
nyiaikyl ond R 7 und R* 2usammen eine Trimethylorv oder TetramethyScn-Gruppe bedeuten, in der ein© 
-CH 2 - Gruppe durch -NH- oder -S- ersetzt sein kann Oder die einen kondensierten Cycloalkan-, 
arornatischen oder hotaroaromaischen Ring tragon kann und ihre pharmazeutisch verwendbaren 
Saureadditionssalze gemaB den AustOhru.ngstorrn^n (a), (b), (c), (d) und/oder <n) hergesteilt werden. 

21. Medikament. enthallend ein AminosSure-Derivat nach einem der AnsprUche 1 bis 14 und einen 
therapsutisch inerten Hilfsstoff. 




n 



VI 
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15 



20 



26 



30 



35 



40 



4$ 



CO 



22. Medikarnent zur Behandlung oder Prophyiaxe von virelsn Infektionen, enthaltend ein AminosMure- 
Derivat nach einem der AnsprQche 1 bis 14 und einen therapeulisch inerten Hilfsstoff. 

23. Verwandung eines Amincsaure-Derivais nach einem der AnsprOche I bis 14 zur Hersteliung eines 
Medikaments zur Behandlung oder Prophyiaxe von viralen Infektionen. 

Patentanspriiche fiir folgendan Vertragssftaat : ES 

1. Verfahren zur Herstellung von Verbindungen der allgenrteinan Formal 



worin n fur Nui! oder 1 stent, R Alkoxycarbonyi, Aralkoxycarbonyl, Alkanoyl, Cycloalkylcarbonyl, 
Arnlkanoyl, Aroyl, Hotcrocyclyicarbonyi, Alkylsulphonyi, Aryisuiphonyl, Monoaraikyicarbamoyl, Cinna- 
moyl oder of-Araikoxycarbonylamino-aikanoyl und H 2 Wasserstoff bedeuten oder R und R 2 zusamrnen 
mit dem Stickstoffatorn, an das sie gebunden sind, sine cyclische Imidgruppe der Formal 



in oer ? und Q zusammen ein aromaiisches System darstelien, bedeuten, R 3 Alkyl, Cycloalkyl, 
Aryl, Aralkyl, Heterooyclylalkyl, Cyanoailc/I, AlkylsulphinylalkyI, Carbamoyiaikyl Oder Alkcxycarhonylai- 
kyl bedeutet oder, wenn n fur Null sieht, R 3 auch Alkyllhloalkyl oder, wenn n fiir 1 stent, R 3 auch 
Aikylsulphonylalkyi bedeuten kann, R 4 Alkyl. Cycloalkyl, Cycloaikyialkyi, Aryl oder Aralkyl bedeutet. R* 
Wasserstofl und R 6 Hydroxy oder R' und R* zusamrnen Oxo bedsoten, R 7 und R 8 zusammen eine 
Trimethylen- oder Tetramethyien-Gruppe bedeuten, die gegebenenlalls durch Hydroxy s Alkcxycarbony- 
lamino oder Acylamino substitutes ist odet in der eine -CM;- Qruppe durch *NH-, •N(Alkoxycarbonyl)-. 
-N(Acy!)- oder -S-ersetzt ist oder die sinen kondensierten Cydoalkan-, aromatischen Oder fceteroarome- 
tischen Ring trSgt. und R* Alkcxycarboovl, Monoalkylcarbamoyi, N/ioioaraikylcarbamoyl, Monoarylcar- 
bamoyl oder eine Gruppe der Formal 



in der R 10 und R u je Alkyl darsteHen, bedeutst, 
und pharma2eutisch vervvendbara Saureadditionssai^e davon, welches Verfahren umfaset, daes man 
(a) fur die HerstsUung einer Verondung dor Form©! I. in dor n fur Null steht, eino Vsrbindung dor 
allgemeinen Formei 
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worin R 4 , R 5 , R 5 , R 7 , R 8 und R 9 die oben angegebene Bedeutung haben 
mit einer Saure der ailgemeiren Forme! 



— ccoh 



in 



worin R\ R 2 und R- die oben angegebene Bedeutung h3ben, 
Oder einem reakiiven Deiivat davon umsetzt Oder 

(b) zur Hersteilung einer Verbindung der Formel I, in der n fur Nuii stent unci R 5 Wasserstoff und R 6 
Hydroxy bedeulen. eire Verbindung der Formei I, in der n far Null stent und R & und R f zussmmen 
Oxo bedeuten, leduzieri Oder 

(c) zu' Hersteliung einer Vatindung der Forrrel I, in o'er n fur Null stent und R : Alkanoyi, 
Cycloaikylcarbony!, Aralkanoyi. Aroyl, H^rocyclylcarbonyi, Ajkylsiiiphonyi, Arylsulphonyl, Clnna- 
mcy! Oder a-Arafkcxycartonyiamiroalkanoyl und R 2 Wasserstoff O'S&r R' und R? zusammen mit dem 
Sticksloffatom, an das sie gebunden sind, sine cyelische irr:idg!uppe der oben In diesem Anspruch 
angegabenen Formel <a> bedeutan, eine Verbindung der allgemeinen Formel 



4 



H 2 N \ 



CH 



C0 V 



R 

I 

CH 



i q 
FT 



IV 



worin R 3 , R\ R 5 , R € , R 7 , R 5 und R- die oben angegebene Bedeutung haben, 
mii einem eine Akanoyl-, CycloalkylcarbcnyK Aralkanoyi-, ArcyK Heterocyclytoarbonyi-, AlKylsUp- 
honyh Arylsulphonyl-, Cinnamoyl- oder a-Aralkoxycarbonyiamino-a!kancyl-Gruppe liefernden Mittel 
oder mit einem eine cyclische Imidgruppe der oben in diesem Anspruch angegebenen Formel (a) 
bildenden Mittel umsotzt oder 

(d) zur Hsrstellung einer Verbindung dor Formel I, in csr n fur Null stent und R 1 Menoaralkylcarba- 
moyl unc R 2 Wasserstoff bedeulen, eine Verbindung der vorher in diesem Anspruch angegebenen 
Formel IV mit einer Vor&ndung der allgemeinen Formei 

R 1 - N = C = 0 V 

worin R 1 AralkyJ bsdeutet, 
umsetzt cder 

O) zur Hersteliung einer Verbindung der Fcrmei I, in der R 3 Alkytsulphinyiaiky! bedeutet und n fOr 
Mull stent, e-ne Verbindung der Formel I, in der R3 Aikylthioalkyl bedeutet und n fur Mull steht, 
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oxidiert ccter 



(f) zur Harsteliung einer Verbindung der Formei I, to der n far 1 steht, eine Verbindung der Forme) I, 
in dor n f Or Null steht : oxidiert odor 

(g) zur Herstellung einer Vsrbindung der Forme) I, in der n filr 1 steht una R 1 eine aromatische 
Heterocyciylcarbonyi-N-oxid-Gruppe und R 2 Wasserstoff bedeuten, eine Verbindung der Formei I, in 
der n fUr 1 st6ht und R 1 cine aromalische N-Helerocyclylcarbcnyl-Gfuppe und R 5 Wasssrstoff 
bedeuten, oxidiert oder 

(h) zur Herstellung einer Verbindung der Formei I. in der n fur 1 steht und R 3 Alkylsulpiionylalkyl 
bedetiigt, e*ne Verbindung der Formei I, in der n fUr 1 stem und R 3 Aikylsulphinylalkyl bedeutet. 
oxidiert oder 

(i) zur Herstellung einer Verbindung der Formei I. in der R 1 Carboxy-substituiertes Arcyi. Hydroxy- 
substituietles Aroyl Oder Hydrocinnamoyi und R 2 Wasserstotf bedeuten, eine Verbindung der Formei 
I, in der R 1 Benzyloxycarbonyl-substituiertes Aroyl, Benzyloxy-substjtuiertes Aroyl Oder Cinnamoyl 
und R 2 VVasserstoff bedeuten. katalytisch hydriert oder 

(j) zur HerstellunQ einer Verbindung der Formei i, in der R 3 lmidazol-4-yi und/oder R* Hydroxy 
substituiertes Ary! oder Hydroxy-subsiituiertes Aralkyl und/oder R' und R* zu3&mmen eine Trime- 
thyien- oder Tetramethylen-Gruppe bsdejten, in dsr eins -CrV Gaippe durch -NH- etsetzt ist. eine 
Vorbindung der Formei I, in der R-> 1-(Ben2y!oxyc£rbonyl)-imida20i-4-yi und/oder R 4 tert.Butoxy- 
substituiertes Aryl oder tsn.Butoxysiibstituiertes Aralkyl und^der R'* und R d zusammen eine 
Trimethylen- odor Tetramethylen-Grupoe bedeuten, in der eine -CHa- Gruppe durch -N- 
(tert.Butoxycarbonyi)- ersetzt ist, mi* einer starken Seure behandelt Oder 

(k) zur Horstci!ung cinor Verbindung der Forme! I, in dor R 7 und R 3 zusammen cine Trimothylcn- 
ooer TetramethylenGrtppe bedeuten, die durch Acylamino substituiert ist oder in der eine -Chb- 
Grupoe durch -N(Acyl>- erseUt ist. eine Verbindung der allgemeine-n Formei 



vvorin n : R\ R 2 , R», R 4 , R 5 , R 6 und R £ die oben angegebene Bedeutting haben und H r und R*' 
2usarrmen eine Trimethylen- oder Tetramethylen -Gruppe bedeuten, die durch Amino substituiert ist 
odet in der eine -ChVGruppe durch -NH- ersetzt ist. 
acyiiert und/oder 

(I) erwunschtenfalis sine Mischung von diastereoisomsren Racematen in die diastereoisomeren 
Racemate Oder optisch reine Di aster eoi so /neren auftiennt und/oder 

(m) erwOnschtenfails eine Mischung von Dtastereoisorneren in die optisch reinen Diastereoisomeren 
auftrennt und/oder 

(n) ervirunschtenfalls sine erhaltene Verbindung der Formei ! in ein ohaimazeutiseh verwendbares 
Seuryadditionssalz umwand3lt. 

Verfahren nach Anspruch 1 ( worin Verbindungen der Formei I, *orin n fur Null steht, R* Alkyl, 
Cycioaikyl, Aryl, Araikyi ; Heterocyclylaikyl, Oyanoaikyl, Alk/lthicalkyi, Carbamoyl alky I odor Alkoxycarbo- 
nylalky! und R ; und R 3 zusammen cine Trimethylen- odor Tctrarncthylen-Gruppe bedeuten, in der eins 
-CK 2 - Gruppe durch -NH- oder -S- ersetzt sein kann oder die einen kondensierten Cycloalkan-, 
aromatischen oder heteroarcmatischen Ring tragen kann und ihre pharmazeutisch verwendbaren 
S£u"eaodiiionssal2© gemMC den Ausfuhrungsfomnen (a), (b). (c). (d) und/oder {ni he.-gestelit werdon. 

Verfahren rach Anspruch 1 oder Anspruch 2, win ri Alkoxycarbonyi, AraikoxycarbonyJ, Aikanoyl, 
CyciOEikyicarbonyl, Aralkanoyi, Aroyl, Heterocyclylcarbonyl oder a-Aralkoxycarbonylamino-alkanoyl, 
vorzugsweise Benzyloxycarbcnyl. 2-Naphthoyl, 1 -Hydroxy-2-naphthoyi, 3-Hydroxy-2-naphthoyl, 3-Ben- 
2yloxy-2-naphthoyl, 2-Chinoiylcarbonyl ooer 3-ChinoiylCeirbonyl und R 2 Wasserstoft bedeuten. 
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Vsrfahrsn nach eincm der Ar.spruche 1 bis 3, worin R 3 Akyi, CyanoaikyL Alkyithioalkyl octer Centamoy- 
laikyi, voriigsweise Cyanorriethyi, M2«hy!thiomethy! odor Carbamoylrnethy! bedeutet. 

Verfahren rach ainem der AnsprOc^e 1 bis 4, worin R 4 Aralkyt, v/crzugsweisa Benzyl, badeutet. 

Verfahfsn nach einern ds? AnsprOehe 1 bis 5, worin fi 5 Wassorsioff nod R r> Hydroxy bedeuten. 

Varfahien nach einerrt dei Anspnjche 1 bis 6, worfn -M!R 7 )-CH(R e )(R 9 ) e;ne der fulgenden Gruppen 
darstelU 
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// 
\ 






(h) 





(i) 



N, 



( J) 




worin R* die in Anspruch l angegebene Bedeutung hat R 12 Wasserstoff, Hydroxy : Alkoxycarbony- 
larnino Oder Acylamino und R 13 Wasserstoff, Aikoxycarboryl Oder Acyl bedeuten und m fUr 1 oder 2 
und p fur 1 cdar 2 stehen, vorzugsweiss sine Gruppe d9r Formel (c), h der R 12 Wasserstoff darstellt 
und m fDr 2 stent oaer R 12 tert.Butoxycarbonyl-amino bedeutet und m fOr 1 stent, eine Grupp© der 
Formal (d), in dor R 13 tart.ButoxycErbonyi bedeutet, eine Gruppe der Forme! (o), in der m lur 1 stent, 
eine Gruppe der Formel If), tn der m und p beide f()r 1 stehen oder eine Gruppe der Forme! (g), (i) 
Oder 

8. Verfahren nach einem der Anspruche 1 bis 7, worin R s Altocycarbonyi, Monoaikyicarbamcyl oder eine 
Gruppe der in Anspruch 1 argegebenen Fcnntj! (b), vcrirugsweise tert.BuioxycarbonyL Isobutylcarba- 
moyl, terl.Butylcsrbamoyi : oder eine Grippe der in Anspruch 1 angegebenen Formel (b), in der R 10 
sec.Butyl und R 11 isobutyi darsteiien, bedeutst. 

9. Verfahren nach einem der Anspruche : bis 8 ; wcnn ft 1 Bari2y!oxycarhonyi t 2-Naphthoyl, 1-Hydroxy-2- 
napMhoyl, 3-Hydro»cy-2-naphthoyl. 3*Benzy'oxy-2-naphthoy!, 2-Chinoiyicarbonyl cder 3-Chinoiy!carbo- 
nyl, R J Wassersioff, R 3 Cyanomethyl, Methyithictnethy! oder Carbamcylrnethyl, R* Benzyl, R 5 Wasser- 
stoff, n 6 Hydroxy und -N(FV>CH(R 8 }(R 5 ) eine Gruppe der in Anspruch 7 angegebenen Formel (c) 
darstellen, In der R ,? Wasserstoff darstelh und m fOr 2 stern oder R iy tert.Butoxycarbonylamlno darstellt 
und m iOr 1 steht, eine Gruppe der in Anspruch 7 angegebenen Formel <d), in der R' 3 
tert.Butoxycarbonyl bedeutet. eine Gruppe der in Anspruch 7 angegebenen Formel (e), in der m fGr 1 
steht, eine Grupps der in Anspruch 7 angegebenen Formel (f), In der m und p beide fur 1 stehen, oder 
eine Gruppe der in Anspruch 7 angegebenen Forme! it) oder G). und R 9 tett.ButoxycarDonyl, 
isobutylcarbamoyl, tert-ButylCarbamoyl oder eino Gruppe der in Anspruch 1 angegebenen Forme! (b) 
bedeutet, in der R ir scc.Butyi und R v Isobutyi bedcutcn. 

10. Verfahren nach Anspruch 1, worin W-tert.butyt-l-[2(R)-hydroxy-4-phenyi-3(s}-[[N-(2-chinc!yiceu'bonyl)-L- 
asparagfnyl]aminojbuty!]-2(S)-Dfporfdin-carboxamid hergestellt wird. 

11. Verfahren nach Anspruch 1, worin ^Mor1.Buty:<)Ctahydro-1-[2(R)■hydroxy-4-ph^ny!-3(€)-[[N*(2-chinolyl- 
carbonylJ-L-asparaginyljaminolbutylJ^SaS.eaSj-cyclopentatblpyrroi^fSJ-cartoxarnid hergesteHt wird. 

12. Verfahren nach Ansptuch 1, worin fvUtert.ButyM ,2,3.4-tGtrahydro-2-[2(R).hydroxy-4-phenyi-3(S)-f[N-(2- 
chjnoIyicarbonyl)-L-ES:3aragtny1iBmino]buty!]pyrtdo[3,4-b]tndol-1(R oder S)-carboxamid hergastellt wird. 
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13. Verwendung eines AfrinosSure-Derivats der in Anspruch 1 angegebenen Formel I oder eines pharrna- 
zeutisch verwer.dbarer SSureadditionssaJzes davon zur Herstellung eines Medikaments zur Bohandlung 
oder Prophylaxe von virslon Infektionen. 

Patentanspriiche fur folgenden Vertragstaat : GR 

1. Verfahren zur Herstellung von Verbindungen der aligemeinen Formel 




vvorin n fur Null oder 1 steht, R* Alkoxycarbonyl, Aralkoxycarbonyl, Alkanoyi, Cycioalkyicarbonyl, 
Araikaroyl, Aroyi, Heterocyclylcarbonyl, Alkylsuiphonyl, Aryssuiphonyl, Monoaralkylcarbamoyl, Cinna- 
moyi oder a-Aralkoxycarbonylamino-alkanoyl und R 2 Wasserstoff bedeuten oder R 1 und R £ zusemrnen 
rn}\ dcrn Stickstoffatorrt , on das sic gcbundcn sind : cine cyclische Imidgruppc der Formel 



0 



U) 



in der P und Q 2usammen em aromatisches System daistelten, bedeuten, R 3 Alkyl, Cycioalkyi, 
Aryl, Araikyl, HeterocyclyialkyI : Cyanoalkyl, Aikylsulphinylalkyl, Carbamoylalkyl oder Alkoxycarbonylal- 
kyl bedeutet oder, wenn n fur Null steht, R s anch Alkylthioalkyl oder, wenn n fur 1 steht, R s aiich 
Alkyisulphonylalkyl bedeuten kann, R 4 Alkyl, Cycioalkyi Cyclcalkylalkyl, Aryl oder Aralkyl bedeutet, R 5 
Wasserstoff und R 5 Hydroxy oder R 5 und R* zusammen Oxo bedeuten. R 7 und R 9 ^usammen eine 
Trimethylen- odar TetramethyleivGruppe bedeuten, die gegabanenfalls durch Hydroxy, Alkoxycaroony- 
lanino oder Acylarnino substitutert ist oder in der eine -Ob- Gruppe durch -NH-, -N(Alkoxycarbonyl)-.. 
-N(Acyl)- oder -S-ersetzt ist Oder die einen kondensierten Cycloafkan-, aromatischen Oder hetercaroma- 
tischen Ring tragi, und R 9 Alkoxycarbonyl, Monoalkylcarbamoyl, Monoaralkylcarbamoyl, Mcnoarylcar- 
bamoyl oder eine Gruppe der Formel 

CO 

-co/ \./ \ 

w L .: \'u ^ - - 

i **** r\ 

iiO (b) 



in der R 13 und R-< js Alkyl darstellen, bedeutet, 
und pharrnazeutisch verwendbare Saureadditionssalze davon, welches Verfahren umfasst, dass man 
(a) f'Jr die Herst©!lung einer Verbrndung der Formel I, in der n fur Null steht, eine Verbindung der 
aligemeinen Formel 
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R 4 
I 

CH CH N R 



8 



/ \ 



1 1 



worin R*. R=, R s . R 7 , R s und R J die oben angegebena Bedeutung naben, 
mil e;ner Saure dar allgemein9n Forme! 



CH- 



:ooh 



in 



worin R\ R 1 una R 3 die in cben angegebene Bedeutung haben, 
oder einem reaktiven Cerival: davon umsetzt Oder 

(b) zur Hsrst5liung einsr Vorbindung der Formei I, in der n fur Null steht und R 5 Wassersioff urd R 5 
Hydroxy bedeuter., eine Verbindung der Formei I, in der n fur Null steht und R^ und R 6 zusammen 
Oxo bedejten, reduziert Oder 

(c) zur HarsteJlung einsr Verbindung der Formei l ; in der n flir Null steht und R" Alkanoyl, 
Cycioalkyicarbonyi, Aralkanoyi, Aroyi, Heterocyclyicarbonyl, Alkylsuiphonyi, Arylsufphcnyl, Cinna- 
rr.oyl oder a-Aralkoxyearbonylaminoalkanoyi und R 2 Wasserstoff oder R 1 tnd R 2 stsammen mit dsm 
Stickstoffatom, an das sie gebunden sind, eire eyciische Imidgruppe der oben in diesem Anspruch 
angegebenen Forme! (a) bedeuten, eine Verbinoung der allgemeinen Formei 



3' 



f ' 



*3 



IV 



s 



worin R 3 , R*. R : \ R*. R 7 , R s und R 5 die oben angegebene Bedeutung habsn. 
mit einem eins Alkanoyl-, Cycfcalkylcarbcnyh Arslkanoyl-, Aroy!-, Heterocyclylcarbony'-, Alkylsuip- 
honyi-, Arylsulphonyi-, Cinnamoyf- oder a-Arafkox/cErbonylamincaikanoyl-eruppe llefernden Mittel 
oder rrit einem eir.e cyciische Imidgruppe der oben in diesem Anspruch angegebenen Formei fa) 
bildendcn Mittel tmsetzt cdor 

(d) zur Herstcliung eincr Vcrbindung der Formei in der n fur Null steht und R 1 Monoaraikylcarba- 
moyl und R 2 Wassarstoff bedeuten, eitio Verbindunq der vomer in diesem Anspruch angegebenen 
Fcrmel IV mit einor Verbirdurg der allgemeinen Formei 

R r -N-C=0 V 

wcr;n R v A.-atky: oedetjtet, 
ums£t>t oder 

(e) zur H^rsteltung aingr v'arbindung der Formei I, in der R 3 Aikyisuiphinylaikyi bedeutet und n fur 
NuM steht, Pine Verfcindu^g der Forms! I, in dor R 3 Aikylthioaikyi bedeute* und n tUr Null stefit, 
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oxidiert Oder 

(f) zur Hersteilung einer Verbindung der Formel I, in der n fUr 1 steht, eine Verbindung der Formel I, 
in der r VJr Null steht : oxidiert odor 

(g) zur Hersteilung einer Verbindung der Formel I, in der n fur 1 stent und R- eine aromatische N- 
Heterocyclylcarbonyi-N-oxid-Gruppe unci R 2 Wasserstoff bedeuten, eine Verbindung der Formel I, in 
der n fOr 1 stent und R 1 eine aromatische N-Heterocyciylcarbonyl-Gruppe urtd R 2 Wasserstoff 
bedeuten, oxidiert oder 

(h) zur Hersteilung einer Verbindung der Formel I, in der n fur 1 stent und R 3 Alkylsulphony'&lkyl 
bedeutet: eine Verbindung der Formel I, in der n fUr 1 steht und R 3 Alkylsulphinylatkyl bedeutet, 
oxidiert oder 

(i) zur Herstelfung einer Verbindung der Formel I, in der R 1 Carboxy-substituiertes Aroyl. Hydroxy- 
substtluisrtas Aroy! oder Hydrodnnamoyl und R 2 Wasserstoff bedeuten, eine Verbindung der Formel 
I. in der R 1 Benzyloxycarbonyl-substiiuiertes Aroy!. Benzyioxy-substitulertes Aroyl cder Cinnamoyl 
und R 2 Wasserstoff bedeuten. katalytisch hy drier t oder 

(j) zur Hersteilung einer Verbindung dar Formal I, in der R- lmidazol-4-yl und'oder R* Hydroxy- 
substituisrtes Aryl oder Hydroxy-substituiertes Aralkyl und/oder R' und R* zusammen eine Trime- 
thylen- oder Tetramethyien-Gruppe bedeuten. in der eine -CH 2 - Gruppe durch -NH- ersetzt ist, eine 
Verbindung der Formel I, in der R 3 1-(3enzyloxycarbonyl)-imida20(-4-yl und/oder R 4 tert.Butoxy- 
substltuiertes Aryl oder tertButoxy-substituiertes Aralkyl und/oder W und R* zusammen eine 
Trinethylen- oder Tetramethyien-Gruppe bedeuten, in der eine -CH 2 - Gruppe durch -N- 
(tertButoxy carbon y!)- ersetzt ist, mit einer starken Saure behendelt oder 

(k) zut Hersteilung einer Verbindung dor Formel l t in der R 7 und R 8 zusammen cine Trimcthylcn- 
oder Tetramethyien-Gruppe bedeuten, die durch Acylamino substituiert ist oder in der eine -CKfe- 
Gruppe durch -N(Acyl>- ersetzt ist, eine Verbindung der aiigemeinen Forme! 

-2 f Q \ 7 » 

, T I t> rv ,. 

worn n, R\ R 2 , R 3 , R\ R 5 : R* und R* die oben angegekene Bedeutung haben und R ; und R e 
zusammen cine Trimethyton- oner Teiramethyien-GruppG bedeuten, die durch Amino substituiert ist 
oder in der eine -CrVGruppe durch -NH- ersetzt ist, 
acyliert und/'eder 

(I) erwunschianfails eine Mlschung von diastereoisomeren Ratemaren in die diastereoisomeren 
Racemate oder optisch reine Diastereoisomeren auftrenni und/oder 

(m) erwUnschtenfalis eine Mischung von Diastereoisomeren in die optisch reinen Diastereoisomeren 
auftrennt und/oder 

(n) erwunschtenfalls eine ernaiiene Verbindung der Formel I in eln pharmazeutisch verwendbares 
Saureadditionssalz umwandelt. 

Verfahren nech Anspruch 1, v/orin Verbindungen der Formel I, worin n fur Null steht, R a AlkyL 
Cycloalkyl, Aryi, Aralkyl, Heterocyclylalkyl, Gyanoaikyl. Aikylthioalkyl, Carbamoylalkyl Oder Aikoxycarbo- 
nyiaikyl und R 7 und R' zusammen eine Trimethylen- oder Tetramethyien-Gruppe bedeuten, in der eine 
-CH 2 - Gruppe durch -NH- oder -S- ersetzt sein kann odsr die einen kondenciorten Cycbaikan-, 
aromatischen oder heteroaromatischen Ring tragen kann und ihre pharmazeutisch verwendDaren 
Saureadditionssalze gemaB der. Austuhrungstormon (a), (b), (c), (d) und/oder (n) hergestellt worden. 

Verfahren nach Anspruch 1 oder Anspruch 2. worin R' Alkoxycarbonyi, Aralkoxycarbonyl, Alkancyi, 
Cyclcalkylcarbonyl, Aralkanoyl, Aroyl, Heterocyciyicarbonyl oder a-Aralkoxycarbonylamino-alkanoy!, 
vorzugsweise Benzyloxycarbonyl, 2-Naphthoyl, l-Hydroxy-2-naphthoyl, 3-Hydroxy-2-naphthoyl, 3-3o> 
zyloxy-2-naphthoyl, 2-Chinolylcarbonyl oder 3-Chinolylcarbonyl und R 2 Wasserstoff bedeuten. 
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Verfahren nach einem der Anspruche 1 bis 3, worin R 3 Alkyl, Cyanoalkyl, Alkyithioalkyl Oder Carbamoy- 
lalkyi, vorzugswetse Cyanomeihyl, Methyfthiomethyl Oder Carbamoylmethyl bedeutet 

Verfahren nach einem der Anspruche 1 bis 4. worin R* Araikyi, vorzugswetse Benzyl, bedeutet. 

Verfahren nach einem dar AnsprDche 1 bis 5, worin R 5 Wassersfoff und R 6 Hydroxy bedeuten. 

Verfahren nach einem der Anspruche 1 bis 6, worin -N(R 7 )-CH(R 8 )(R 3 ) eine der fofgenden Gruppen 



darstelit 




— N 




(c) 



Cd) 




5 




(e) 



It) 
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v^orin R 9 die in Anspruch 1 angegebene Bedeutung hat, R- 2 Wasserstoff, Hydroxy, Alkoxycarbony- 
iamiro Oder Acylamino und R 13 Wasserstoff, Aikoxycarbonyl Oder Acyl bedeuten und m fur 1 odor 2 
und p fUr 1 oder 2 stehen, vorzugsweisa eine Gruppe der Formel (c), in der R 12 Wasserstoff darstelll 
unci m fur 2 steht oder R 12 tertButoxycarbonyiamino bedeutet und m fur 1 steht, erne Gruppe der 
Forme! (d), in der R 3 tert.Butoxycarbonyi bedeutet, eine Gruppe der Forme! (e), in der m fur 1 steht, 
eine Gaippe der Formel (f), in der m und p beide fUr 1 stehen oder eine Gruppe der Forme! (g), (i) 
oder (j). 

S. Verfahren nach elnem der AnsprUche 1 bis 7, worin R 9 Aikoxycarbonyl, Monoalkylcarbamoyl oder eine 
Gruppe der in Anspruch 1 angegebenen Forme! (b). vorzugsweise fert.Buloxycarbonyl, Isobutylcarba- 
moyi. tert.Butyicarbarnoyi, oder eine Gruppe der in Anspruch 1 angegebenen Forme! (b), in der R 10 
sec.Butyl und R 11 Isobjty! darsiellen. bedeutet. 

9. Vsrfahren nach einern der Anspruche 1 bis 3, worin R 1 Benzyloxycarbonyl. 2-Naphthoyl, 1-Hydroxy-2- 
naohtrioyi, 3-Hydroxy-2-naphthoyl, 3-Benzyioxy-2-naphthoyL 2-Chinolylcarbonyl oder 3-Chinolylcarbo- 
nyi, n 2 Wasserstoff, R 3 Cyanomethyl, Methyfthiornethyl oder Carbarnoylmethyl f R* Benzyl, R 5 Wasser- 
stoff, R 5 Hydroxy und -N(R 7 )-CH(R a )(R 9 ) eine Gruppe der in Anspruch 7 angegebenen Forme! (c) 
darsteilen, in der R 12 Wasserstoff darstelll und m fur 2 steht oder R 12 tert.Butoxyc arbor ylamino darste!lt 
und m fur 1 steht, eine Gruppe der in Anspruch 7 angegebenen Forme! (d). in der R 13 
tert B ifoxycarbonyl bedeutet eine Gruppe der in Anspruch 7 angegebenen Forme! (e), in der m fur 1 
steht, eine Gruppe der in Arspruch 7 angegebenen Forme! (f). in der m und p beide fOr 1 stehen, oder 
eine Gruppe der in Anspruch 7 angegebenen Forme! (g) t (i) oder (j), und R 5 tort Bute xycarbony!, 
Isobutylcarbamoyl, tert.Buty (carbamoyl odsr cine Grupps der in Anspruch 1 angegebenen Forrnci (b) 
bedeutet, in der R c sec.Bjtyi und R n Isobuty! bedeuten. 

10. Verfahren nach Anspruch 1, worin N-tert.buiyl-1-[2(R)-hydroxy-4-pheny!-3(S)-[[N-{2-chinolylcarbonyl)-L- 
asparaginy|]amino]butyfi-2{S)-pfp8ridin-carboxainid hergestailt wird. 

11. Vsrfahrsn nach Ansprucn 1, worin N-tart Buty!-octahydro-1-[2(R)-hydroxy-4-phenyi-3(S)-[rN-(2-chfnolyl- 
carbonyl)-L-asparaginyl]amino]buty!H3aS t 6aS)-cycIopenta[b]pyrrol-2(S)*carboxamid hergestelit wird. 
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12. Verfahren nach Anspruch 1, worin N-tert.Butyi-1 .2,3.4-tetrahydro-2-[2(R)-hydroxy-4-phenyi-3(S)-[[N-{2- 
chioolylcarbonyl)-L-asparaginyi]amfno]buty!]pyrido[3,4-b]indol-i(R oder S)-carboxamid herg9steilt wird, 

13. Verfahren zur Hersfellung eines Medikaments, insbesondere zur Verwendung bci der Bshandlung Oder 
Picphylaxe von viralen Jnfektionen, welchas Verfahren das Enbringen eines Aminosaure-Derivats der in 
Anspruch 1 angegebenen Formal I oder eines pharma2eutisch verwsndbaren Saureadditionssabes 
davon in eine galenische Doslsforrn bsinhaltet. 

14. Verbindungen der allgemsinen Forme) 



i 



worin R Wassarstoff oder die Gruppe 



R 3 Atkyl, Cyclcalkyl, Aryl, Aralkyl, Heierocyclylaikyl, Cyanoalkyl, Alkylthioalkyi, Afkylsulphinylalkyl. 
Carbamoylalkyl cder Alkoxycarbonylaikyl, K Aikyl. Cycloaikyi, Cycloalkylaikyl, Aryl Oder Aralkyl, R s 
Wasserstoff und R £ Hydroxy oder R 3 und R c zusammen Oxo und R 7 und R e zusammen eina 
Tnmethyien- oder Tetramethylen-Gruppe bedeuten. die gegebensnfalis durch Hydroxy Alkoxycarbony- 
lamino oder Acylamino substituiert Est oder in der eine -CH 2 - Gruppe durch -NH-, -N(Aikoxycarbonyi)-. 
-N(Acyl)- oder -S- erseta isl oder die einen kondensierten Cyclcalkao, aromatischeri oder heteroaro- 
matischen Ring tragi, und R 9 Alkoxycaibonyl, Monoaikyicarbamoyl, Monoaralky'carbamoy!, Monoaryi- 
carbarnoyl oder eine Gruppe der Forme! 



•CO CH NH« 



.11 



(b) 



in der R ,e und R" je Alkyl darsteilen, bedeutet. 
15. Vorbindungen der allgemeinen Formel 



3V 
I 



\ / co \ / c \ ^ 

R R R 6 



fn K 7 ' 



8' 



VI 
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worin n fOr Null Oder 1 steht, FT Alkoxycarbonyl, Aralkoxycarbonyl, Aikanoyl, Cycloaikylcarbonyl, 
Aralkanoyi, Aroyl. Heterocyciylcarbonyl, Aikyisulphoryi, Aiylsuiphonyi, Monoaralky (carbamoyl, Cinna- 
rr.oyl odor a-Aralkoxycarbonylanino-alkanoyl und R 2 Wasserstotf bedeuten oder R 1 und R 2 zusammen 
rr.it dem Stic kstoff atom, an das sie gebunden sind> elne cyclische Imidgruppe der Formel 



(a) 



in der P und Q 2usarmmen ein aromatisches System darstefien, bedeift9n, Ft 3 Aikyl, Cycioalkyl, 
Aryl, Aralkyl. Heterocyclyl aikyl, Cyanoai5o/I : Alkylsuiphinylalkyl. Carbamoylalkyl oder Alkoxycarbonylal- 
kyl fcedeutet oder, wenn n fUr Null steht, R 3 auch Alkylthioaikyl oder, wenn n fUr 1 steht, R 3 auch 
A!kyisuiphonyiaikyl bedeuten kann, R 4 Aikyl, Cycioalkyl, Cyeloalkyfclkyl, Aryl Oder Aralkyi bedeutet, R 5 
Wasserstoff und R b Hydroxy oder R b und R* 2usammen Oxo bsdsuten, R r und R 8 2usammen eine 
Trimefrylen- oder TetrErnethyleivGruppe bedeuten, die djrch Amino substituiert ist. und R 9 Alkoxycar- 
bonyl, Monoalkyicarbarr.oyl, Monoaraikylcarcamoyl, Monoarylcarbamoyl oder eine Gruppe der Formel 

CO 

|io (b) 

in dor R n und R 11 je Aikyl darsteilen, bedoutet. 
Revendlcations 

Rsvendicatlons pour les Bats contractants suivants : DE, GB, FR, IT, NL, SE, U, CH, BE, AT, LU 

1. Composes de forrrsule generate 



R 2 R 4 (0) P " 

R~ — N CC CH CH-~-=>N ,3 

R R R R 



dans laqueHs n repr^sente zero ou 1; R 1 represente un alcoxycarbonyle, araleoxycarbonyle, ateanoyle, 
cycloaJkylcarbonyle. arolcanoyle. aroyle, heterocyclyicarbonyle, askylsulfonyle, arylsultonyle, moncaral- 
kyicarbarnoyle, cinnamoylc ou a-aralcoxycarbony!am!no-a!canoyle et R 3 repr^ssnte un hydrogfene ou 
R : et R' represented avec I'atomo d'azote auquel i!s soit fixes un g.oupe cyclique imide de formuie 
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dans labile P et G repr&semant ensemble un systeroe aromatique; R 3 represente un aiicyle, 
cycloalkyle, aryle, araikyle, h^rccyciyialkyie, cyancalkyle, aikylsulilnylalkyle, carbamoylalkyle ou al- 
coxycarbonylalkyie ou quand n represante zero, R 3 peut aussi representer un alkylthioalkyie ou, quand 
n represente 1, R^ peut aussi representer un alkylsulfonylalkyte: R 4 represente un alkyle cycloalkyte. 
cyclcalkyialkyle, aryle ou araikyle; R 5 represente un hydrogfene et R e represent© un hydroxy ou R 5 et 
R° representent ensemble un oxo; R 7 et R 8 represented ensemble un groupe trimethylene ou 
tetramethylene qui est eventual merit substitu^ par un hyd-ioxy. alcoxycarbonyiamino ou acylamino ou 
dsns lequel un groupe -CH;- est remplac6 par -NH-, -N^coxycarboriyih -N(acyl)- ou -S- ou qui porte 
un cycle fusionne cycloalcane, aromatize ou heteroaromatique; st R 5 represents un alcoxycarbonyle, 
morioaikylcarbamoyle, rr.orcaraikylcerbamoyle, monosryicarbamoyle ou un grcupe de formule 



— CC 



\ 

CH HH- 

A 10 



,11 



Cb); 



dans saquelle R :C e: R 11 representent chacun un alkyle; et ieurs sals d'addition ci'acitie pharmaceuti- 
quoment acceptabtes. 

Composes selon la revendication i dans lescuels n represent* zero, R 3 represent un aikyle, 
cycioalkyle. aryle, araikyle, heterocyclyia!kyle : cyancaik'/e, atfeyfflitoalkyie. carbamoylalkyte ou alcoxy- 
carbonyialkyle at R 7 et R s repr^sentont ensemble un groupe trirnfthyfene cu I4iran6thylene dans 
iequei un groupe -CH 2 - peui etre re.-npiace par -NH- cu S ou qui peut potter un cycle fusionne 
cycloalcane, aromatique ou heteroarcrnafiqua. 

Composes selon la rev/ardicaTton 1 oi' ia revendication 2. dans lesqueis R' represents un alcoxycarbo- 
pyia. araicoxycatbonyla, alcanoyie, cyclcaikylcarhonyle, sraiaanoyle, aroyle, heterocyclyicarbonyle ou 
a-aralcoxycaibonylamino-alcanoy-e. de presence beizylcxycarbonyle, 2-naphtoyle, 1-hydroxy-2-naph- 
toyle. 3-hydroxy-2-naphtoyie, 3-benzy!oxy-2-naphtoyle, 2-quinoiylcarbonyie ou 3-qulnoiylcarbonyie. et 
R 2 represente i'hydrogene. 

Composes selon Tune queiconque des revendications 1 a 3. d*ns lesqueis P. 3 represente un alkyle, 
cyancalkyle, aikyithioaikyie ou carbamoylalkyle, de pisference cyanomethyle, niethylthicmetriyle ou 
carbEmoyimethyie. 

Composes selon l uno queiconque des rsvondicabons t a 4 dans lesqueis R* represents un araikyle, 
de preference le bsnzylo. 

Composes selon I'une queiconque des revendicationo t a 5, dans iesquels R 5 represente I'hydrogene 
et R s represente un hydroxy. 

Cornpoe9s eeion I'une queiconque doe revendisaticns 1 a 6 dans lesouele -N(tt 7 )-CH(R £ )(RS) reprasen- 
to fun des groupes suivante : 
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dans lecquels R 9 a la signification donn6© a ia revendication 1, R 12 represent© un hydrcgfcne, hyd-oxy, 
alcoxycarbonylsrriino ou acyiamino, R' 3 represents un hydrogens, alcoxycarbonyie cu acyle, nr> 
represent© 1 ou 2 et p represent© 1 ou 2 : de presence groupe d© formule (c) dans laqueile R' 2 
represent© un hydrog&ne et m represents 2 ou R 12 represents un tert.butoxycarbonyiaminc et m 
represent© 1, ur groupe de formule (d) dans isqueiie R 13 represents un tertbutcxycadoonyle, un groupe 
de lormule (e) dans laqueile rr. represents 1. un groupe de formule (f) dans iaqueile m et p 
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repr4sentent tous deux 1 ou un groupe de formjie (g), (i) ou (j). 

8. Composes selon I'uno quelconque ces revindications t a 7, dans lesquals R 9 represente un 
alcoxycarbonyle, monoaJkyicarbannoyle ou un groupe de formula (b) donn^e & la revendication 1. de 
preference un tert.-butoxycarbonyle, isobutylcar barney !e, tert.butylcarbamoyle ou un groupe de fcrmule 
(b) donnee a la revindication 1 dans laquefle R 10 represents un sec.butyle et R 11 represent© un 
isobutyle. 

9. Composes selon Tune quelconque d6S revindications 1 a 8 dans lesqueis R* represente un benzyloxy- 
carbonyle, 2-naphtoyie, 1-hydroxy-2-naphtoyle, 3-hydroxy-2-naphtoy!e, 3-benzyloxy-2-naphtoyl&. 2-qui- 
nolylcarbonyle ou 3-quinolylcarbonyle et R 2 represents un hydrogene, R 3 represente un cyanom£thyle. 
methylthiomethyle ou carbarnoylmethyle, R 4 represents un benzyla, R 5 represente un hydrogens et R* 
represente un hydroxy et -N(R 7 )-CH(R 8 )(R S ) represente un groupe de formule (c) donnSe h la 
revindication 7 dans laquelle R' 2 represents un hydrogene et m represente 2 ou R 12 represente un 
tert-butoxycarbonyiamino et represents 1 . un groupe de formule (d) donne a ia revendication 7 dans 
laquelle FT 3 represente un tert -butoxycarbonyie, un groupe de formule (e) donnie b la revendication 7 
dans laquelle nn represente 1, un groupe de formule (f) donnee & la revendication 7 dans laquelle m et 
p representent tous deux 1 ou un groupe de formule (g), {i), (j) donnee a la revendication 7 et R 9 
represente un tert.butoxycarbonyle, isobutylcerbamoyle, tertbuty (carbamoyl ou un groupe de formule 
(b) donne & la revendication 1 dans !aquella R" 3 represente un sec.butyle et R 11 represente un 
isobutyle. 

10. N ? -[3(S)-t[N-(ben2ylOKycarbonyl)-L-asparaginyl]-aminoj-2i R ou SJ-hydroxy-A-phenylbutylJ-N' -tert.-butyJ- 
L-prolinamide ou N 2 -[3fS)-[[N-(beni;ybxycarbony])-L-asparasinyl]amino3-2(R ou S)-hydioxy-4-phenylbu- 
tyl>NMscbi1y!-L-prolinamide. 

11. Compose se!on ia revindication 1, choisi panni 
f^-[3(SH[N-itenzyloxy carboy 
thiazoiidinecarboxamide, 
N4ert.butyM-[2(R)-nydroxy-3(SH^^ 
piperidinecarbox amide, 
W3(SH[N-(benzyioxycarbonyiR^ 

octahydro-(3aS ; 6aS)-cyciopenta!b3pyiToie-2(S)-carboxamida ; 

H3(sH[N-(benzyloxycarbonyl)-L-asp^^ 

piperldinecartoxamide, 

243{s)4[N-(rx3nzylaxycarbonyl^ 

t(§tr£hydropyrido[3.4-biindole-1-cai-boxamide. 

N-tert.butyl<H2(R)-hydroxy-3(S)-^ 

thiazolidinecarboxamide, 

NMer1.butyl-N 5 [2<R)-hydrcxy-4-ph^ 

N 2 -exyde. 

H3($H[^Hbenryioxy carbon^ 
pipeYldinecariboxanide, 

1-[3{S)-[[N-(b&nzylDxycarbonyl)-L-esparaginyl]amino]-2(R)-hydroxy-4-phenylbuly!]-4- 
(tsrtbutoxycarbonylj-N-tert buty!-2(R ou SJ-piperazinecarboxamide, 
1-[3{S)-[[N-{ben2^loxycaxbonyl}-3-^ 

(tert.butoxycarbonyi)-N-tert.butyi-2(R ou S^piperazinecarboxamide. 

NM3(SH[N-(benzyloxyc*irbonyl)-L-a5paraginyi]amino]-2{R)-hydroxy^-pheny 

(tc.i.butoxyforrriamidoJ-N'-tcrt.butyJ-L-prolinamide. 

H3{S)-[[N-(3-benzyloxy-2-naphtoylK-asp 

pi pen d i necarboxam idc, 

N-tert.buiyl-1-[2(R)-hydro><y^ 

piperidinecarboxamide 1-oxyde, 

N-ten.bmyi l-[3(SH!*M3-hydroxy-2-naphtoyl)-L-asp 

pyridine carboxamida, 

trans-2-[3(SH[N-(benzy!oxycarbony;)-^ 

d^cahydro-(4aR ( 8aS)-iscquinolin«5-3(S)-carbo>:amide. 

4-(tert.butoxycarbonyl)-!\-tertbu^ 
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amino]butyi]-2(R ou S)-pip£razinecarboxarnide. 

N-tert.Dutyi-l-[2(R)-hydroxy-3(S)-[[M-(1-hyciroxy-2-(naphloyi)-L-asparaginyi]am 
pipe rid inecarboxarnide, 
frans-N-tert.bufr/i-d£cahydro-2-[2^ 
aminojbutylH4aft.8aSHsoquinoline-3(S)-carboxamide et 

N-terf.butyl-1-[2(R)-hydroxy-4-phenyl*3(SH^ 
pipe rid inecarboxamide. 

12. N-tert butyl 1-r2(R)»hydroxy-4-phenyi-3(S)«[[N-(^ 
ridinfccarboxamide. 



13. N-tert.buty!-octahydro*1-[2<R)^ bu- 
tyl ]-(3aS,6aS)-cycIopen1a[b3pyrroie-2(S)-carboxafin.ide. 

14. rj-te1.butyl"1,2,3>tetraliydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[M-(2-quinolylcarbon 
arnino]butyl]pyrido[3,4-bIindole-1(R ou S)*carboxamide. 



15. Composes de formule generate 



> 4 



i .ex CH. IT a 8 

a 5 \ 6 a 5 



dans iaquelle R represents un hydrogene ou !© groups 



K.N 



R 3 represents un atkyle, cycioalkyi9, eryte, aralkyls, h^leVocyciyiatkyle, cyanoalkyle, alkylthioalkyle, 
alkylsulfinylalkyie, carbarn oylaikyle ou alcoxycamonylalkyle; R* represente un aikyls, oycioalkyle, 
cyclcalkylalkyle. aryls ou aralkyls, R 5 represents un hydrog£ne et R 6 represente un hydroxy ou R 5 et 
R 5 ensemble represented un oxo; R 7 et R s ensemble representent groupe trim£thyi§ne cu 
tStram$thyi£ne qui est 4vertfy el lament substitu^ par un hydroxy, alcoxycarbcnylamino ou acylemino ou 
dans lequei un groupe -CH,- est remp!ac6 par -NH-, -N(alcoxycarbonyi)-, -N(acyl)- ou -S- ou qui porte 
un cycle fusionn^ cycieaicane, aromatlque ou hdtdroaromatique; et R 9 represents un alcoxycarbonyie, 
rronoclkylcarbarnoyle, monoaralkylcarbamoyle, moncarylearbamoyls ou un groupe de formule 

NH CO 
-CO CH NK R 

1" 



dans iaquelle a 10 et R ,<! representent chacur un aikyte. 



89 



EP 0 346 847 B1 



16. Compost de formule g£ne>ale 




dans laqueile n represente zero ou 1; R' represents un alcoxycanbonyle. aralcoxycarbonyle, alcanoyle. 
cycloalkylcarbonyle. aralcanoyie. aroyle. hetetocyclylcarbonyie. a!kylsuifony!e. arylsulfonyle. monoarai- 
kylcarbemoyle, cinnamoyle ou a-ara!coxycarbonylaminoalcanoyle 6t R 2 represente un hydrogens ou R 1 
et R^ represented ensemble avec I'atome d'82ote euquei ils sont lies un groupe imide de formule 



dans laqueile P et Q representent ensemble un systems aromatique; R 3 represente un alkyte, 
cydoalkyle, aryle, aralkyle, hsterecycSyiaikyle, cyanoalkyle, alkylsuirnyfalkyle, carbamoylalkyle ou ai- 
coxycarbonylalkyie ou quand n represente zero, R 3 peut cussi repr4ssnter un alkylihioaikyie ou, quand 
n roprgsente 1, R3 peut aussi representor un alkylsulfonylaikyle; R 4 represent© un alkyle, cyctoalkyie, 
cycloalkylaikyle, aryie ou aralkyle, R- represente un hydrog^ne et R 6 represente un hydroxy ou R 5 et 
R c - ensemble representent un oxo; R 7 et R r ensemble representent un groupe trirne'thylene ou 
tetramethylene qui est substitue par un amino; et R 5 represente un alcoxycarbonylo, monoalkylcarba- 
moyle, monaaralkylcarbamoyie, monoarylcarbainoyle ou un groupe de formule 



dans laqueile R 10 et R 1 ' representent chacun un alkyle. 

17. Derives d'arninoecide selon Tune qjelconque des re vendi cations 1 a 14 pour Putiiisation comme 
substances the'rapejtiquement actives. 

18. D6riv/es d'aminoacide scion Tune quelconquc dcs rsvcndications 1 a 14 pour I'utilisation dans Is 
traitement ou la prophylaxie defections viraies. 

19. Procede* de preparation d'un compose seion i'une quelcoique des revendications 1 a 14 : ce proc6d4 
comprend 

(a) pour preparer un compose de formule I cans laqueile n represente zero, de fair© reagir un 
compose* de formule gdneVale 



0 
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N 



3 




dans (aquelle R 4 , R 5 , R c , R 7 , R s et R' cnt la signification donnee a la revendication 1. 
avec un acide de formule geV.Sraie 




CH COCH 



in 




dans laquelle R 1 , R 2 et R 3 ont !a signification donnSe a (a revendication l , 
oo de ses derives r£act;fs, ou 

(b) pour preparer un compose de formule I dans laquelle n represente zero, R* represente un 
hydrogene et R* represents un hyGroxy, niduire un compose de formuie I dans laquelle n 
represente z&to et R 5 et R* repr^sentent ensemble un cxo, ou 

(c) pour preparer un compose' de formuie I dans laquelle n represents za>o et R 1 represents un 
alcanoyle. cycloaikylcarbonyle, araicanoyle, aroyle, h£t6rocyclylcarbonyle, aikylsulfonyle, arylsuifo- 
nyle, cinnamoyle ou car-aralcoxycarbonylaminoaicanoyle et R 2 represents I'hydrogene ou R 1 et R 2 
representent avec I'atome d'a2ote auquel Ms sont fixes un groupe c /clique imids de formule (a) 
donn6e & la revendication 1 f faire r^agir un compost de formule g^n^rale 



dens laquelle H\ R 4 , R n , R K , ft', R* et R H ont la signification donned k la revendication 1, 

avec un agent donnant un groupe alcanoyle, cycioaikylcarbonyle, araicanoyle, aroyle, heteVocyclyl- 

carbonyle, alkyisulfonyle, arylsulfonyle, cinnamoyle ou a-aralcoxycarbonylaminoalcanoyie ou avec un 

agont formant un grcupo cyclique imide de formule (a) donne*c k la revendication 1, ou 

{d) pour preparer un compost de formule I dans laquelle n represente ze7o et R 1 represente un 

monoaralkylcatbamoyie et R 2 represente I'hydrogene, feire reogir un compose de formuie tv 

indiqu^e ci-dossus dans cette revendication avec un compost de formule gdn&ala 

R 1 -N = C = 0 V 

dans laquelle R" represente un aralkyle, 
ou 




IV 
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(e) pour preparer d*un compost de formule I dans laquelie represente un alkylsuifinylalkyle et n 
represente r§ro, ox-yder un compost de formule I dar.s laquelie R 3 represente ua aikyithioalkyle et n 
represents zero, oj 

(f) pour preparer un compose" do formula I dans iaqueiie n represente 1, oxyder un compose de 
formula I dans laquslle n represente ziro, uu 

(9) pour prepare: un compose da for mule i dans laquelie n represente 1 et R' re preserve un groupe 
N-h&e>ocyciyl carbon yie N-oxyde aromaitque et R 3 represente un hydrogene, oxyder un compose 
de formule I dans laquelie n represente 1 et R 1 represents un groupe N-teteVocycfylcarbonyla 
aromatize e( R 5 represente un hydrogens ou 

(h) pour prepare; un compost dt3 formute I dans laquelie n represents 1 et R 3 represente un 
alkylsulfcnyia'kyle. oxyder un compose* de formule I dans laquelie n represente 1 et represente 
un alkylsulfinylalkyle, ou 

(i) pour preparer un compose de formule I dans laquelie FT represente un aroyle carboxy substitue. 
un aroyle hydroxy substitug ou un hydrocinnamoyle e! R 2 represents un hydrogene ( hydrQg£ner 
cataJytiquennent un compose de formule i dans laquelie R 1 represente un aroyle benzyioxycarbonyle 
substitue, un aroyle benzyloxy substitue ou un cinnamoyle el represente un hydrogens, ou 

(j) pour preparer un compose* de formule I dans laquelie represente un imidazoM-yl et/ou R 4 - 
represente un aryle hydroxy substitue ou un aralkyle hydroxy subsiitu^ et/ou R 7 et R 8 represented 
ensemble un groupe trimethylene cu tetramethy^ne clans lequel un groupe -CH-est remplace par 
-NH-, traiter un compost de formula ! dans laquelie R 3 represente un Wbenzylcxycarbonyl}- 
imtdezol-4-yi et'ou R* represente un aryle tertbutaxy substitue cu un aralkyle tertbutoxy substitue 
etou R 7 R ? representor cnscmblo un groupe trim&hylene ou tetramsthylenc dans Icquel un 
groupe -CH2- est rempiace" par un -Wtert.butoxy-csrbonyi)- avec un actde fort, ou 
(k) pour preparer un compose cie formule I dans laquelie R 7 et R s repr^sentenbensemble un grcupe 
trimSthylene ou ritram&hy&ns q<ji est substitue par un acylamino ou dans lequel un groupe -CH 2 * 
est remolac^ par -N-acyl)-, acyisr un cornpos4 de formule ge*ne>ale 



I 



_4 



13 



<0, n 3 7 ' 
CH 



VI 



dans laqusile n, R ! . R z . R-. R\ R*", R* et R 3 om la signification donnee k ta revendication 1 et R 7 et 
R a represented ensemble un groupe irimetnyJene ou teU'amethylene qui est substitue par un amino 
ou dans lequel un grcupe -CrV est remplace* par -NH-. et/ou 

(i; si e'est souhait*. fractionner un melange de rac^matss diast^oisomeres en les rac^mates 
ciiastereci some res cu !cs G [ aste>4oisomeres optiquement purs, et'ou 

(m) si e'est souhaite", fractionner un melange de clast4r^oi S omeres en les diast^^oisomeres 
cptiquement purs, eVou 

(n) s; e'est scuhaae transformer un compose de formule I oblenu en un sel cTaddition d'acide 
pharmaceutiquerrent acceptably 

20. Precede selon !o rev/smdicatior; 19 dens Sequel on prepare des composes de formula l dans laquelie n 
represente ze>c, R 3 represente ur. alky!c : cycioalk/te, aryic, aralkyle, hSteVocyclyialkyle, cyanoaikyle, 
aikyithioalkyle, carbamoyl alky le ou aiccxycarbon/laikyia et R 7 et R 8 ensemble represented un groupe 
trirnethyiene ou tetramethylsne dans lequol un groupe -CH 2 - pout etre remplace par -NH- ou -S- ou qui 
peut porter un cycle fustonr.4 cycloalcarte, aromatique ou hetSrcrarornatique et leurs S9ls d'addition 
d'acic?e pharmacsutiquernent accepiables, soion ias mcdec de realisation {a) t {b) : (c). (d) et'ou (n). 

21. M^dicamont contorant un derive c'3minoacid9 selori i'une qu&lconqu© des reveidications 1 a 14 st un 
excipieni th^rapeutiquement inerte. 
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S3. Medicament pour le traitement ou la prophylaxie d 'infections viral es, con tenant un derive d'aminoacide 
seion fune queiconque des revendications i a 14 et un excipient thirapeutiquement inerte. 

23. Utilisation d'un derive d'aminoacide seion fune qjelccnque des revendications 1 a 14 pour preparer un 
medicament pour le traitement ou lei prophylaxie detections virales. 

Revendications pour I'Etat contractant suivant : ES 

1. Procfidfi de preparation de composes de formula generate 




dans laquello n represents zeroou 1; R 1 represents un alcoxycarbonyle, sralcoxycarbonyle, alcanoyie, 
cycioalkylcarbonylc, aralcanoyic, aroylo, hfitSrocyclylcarbonyic, alkylsulfonylc, arylsullonyle, monoaraf- 
kylcarbamoyle, cinnamoyle oj a-aralcoxycarbonylaminoaicanoyle et R 2 represente un hydrog&ne cu R 
et R 2 representent avec I'atome d'azote auquel ils sont fixes un groupe cycltque imide de formule 



i > 

V 



(a) 



dans laqjelle P et Q represenleni ensemble un systems arornalique; R 3 represente un alkyle, 
cycloaJkyle, aryle, araikyie, hefc=r 0 cycly!alkyle, cyanoalkyle, alkyisulfinyialkyla, carbamcylalfcyle cu ai- 
coxycarbonylalkyle ou quand n represente zero, R 3 peut aussi representer un 2!kylthioa!kyie ou, quand 
n represente 1, R 3 peut aussi representor un alkylsulfonylaikyle; R* represents un alkyle cycioaikyie, 
cyctcaJkylalky!e r aryle ou araikyie; R 5 represents un hydrogene et R 6 represents un hydroxy ou R s et 
R 5 representent ensemble un oxo; H 7 el R 8 representent ensemble un groupe trirnethyfene ou 
tctramethyl^ne qui est eventue! lament substltue par un hydroxy, alcoxycarDcnylamino ou acylamino ou 
dans lequel un groupe -CH 2 -est rempiace par -NH-, -N(alcoxycarbonylh -N(acyl)-ou -S- ou qui porta 
un cycle fusionne cycloaicane, aromatique ou heteroaromatlque; et R* represente un alcoxycarbonyle, 
monoalkylcarbarnoyle, moroaralkylcarbarnoyle, monoarylcarbamoyie ou un groupe de formule 



NH CO 

"CO CH NH- 

I 



,11 

■ n 



(b) 



dans laquelle R 10 et R' 1 representent chacun un aikyle; et ieure eels d'addition d'acide pharmaceutic 
qusment acceptable, co procedS comprend 

(a) pour preparer un compos4 de formule I dans laquelle n represente zero, de faire reagir un 

compose de formule generate 



93 



EP 0 346 847 B1 



r4 rV 

CH CH., N^"" R 8 

R R 

dans laquelle R*. R 3 , R s , R 7 , R 8 et R £ ont la signification donnee ci-dessus, 
avec un acide de formule generate 

.a 

\ in 

CH COOH 

\? 

dans laquelle R 1 , R 2 et R 3 ont la signification donnee ci-dessus, 
ou un de ses derives reaciifs, ou 

(b) pour preparer un compose de formule I dans laquelle n represent© zero, R 3 represente un 
hydrogene et R s repn=s3nte un hydroxy, require un compos de formule I dans laquelle n 
represente zero et R 5 et R s represented ensemble un cxo, ou 

(c) pour preparer un compose de formule t dans laquelle n represent© zero et R 1 represente un 
alcanoyle, cycloalkylcarbonyle. a'a!cancyle ? aroyle, h&erccyclyicarbonyle, aifcylsuifonyle, aryisulfo- 
nyle, cinnamoyle ou a-araicoxycarbony!aminoalcartoyle et R 2 represents I'hydrogene ou R 1 et H 2 
repr£sentent avec I'atome d'azote auquel i!s soni fix^s un g'oupe cyclique imide de formule (a) 
donnSe plus haut dans cette revendication, fairs r^agir un compost de formule ggngrale 



a' 



CH NH ^CH*^ IV 



R R R~ R" 



dans laquelle R 3 , R*. R s , R 5 , R 7 , R 9 et R s ont la signification donnee ci-dessus; 
avec un agent donnant un groups elcanoyle, cycloaikylcarbonyie, araicanoyie, aroyle, heterocyclyi- 
carbonyle, alkylsulfonyie, arylsulfonyle, cinnamoyle ou a-aral coxy carbon ylaminoalcanoyie ou avec un 
agent iormant un groups cyclique imide de formule (a) donnee plus haut dans cette revendication ou 

(d) pour preparer un compose de formule I dans laquelle n represente zero et R 1 represente un 
monoara!kylcarbamoylc ct R 2 represente ('hydrogene, fairc reagir un compose* do formule IV 
indiquee ci-dessus dans cette revendication avec un compose* de formule generate 

R 1 - N = C ~ 0 V 

dans laquelle R r represente un eralkyle, 
ou 

(e) pcur preparer d'un compost de formule I dans laquelle R 3 represente un afkylsulfinylaikyle et n 
represente zeVo, oxyder compose de formule I dans laquelle R 3 represente un alkylthioalkyle et n 
repr§senie zeVo ; ou 
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(f) pcur preparer un compost de formuie I dans laqueils n represente 1, oxydsr un compost de 
formule I dans laquelle n represente zero, ou 

(g) pour preparer un compose de formulo t dans laquello n represante 1 et R 1 represente un groupe 
M-ri6t^rocyc!ylcarbonyl© N*oxyde aromatique el R a represente un hydrogene, oxyder un compose 
de formule I dans laquelle n represents 1 et R 1 represente un groupe N-h&eVocyclylcarbcnyle 
aromatique et R 2 represent© un hydrogens, ou 

(h) pour preparer un compose* de formule I dans laquelle n represente 1 et R 3 represent un 
alkylsulfonylalkyle, oxyder un compost de formule I dans laquelle n represents 1 et R 3 represent© 
un alkyisulfinylalky!e ; ou 

(i) pour preparer un compost de formule I dans laquelle R 1 represente un aroyle csrhoxy substitue\ 
up aroyle hydroxy substitue ou un hydrocinnamoyle et R 2 represente un hydrogens, hydroggner 
caialytiquement un compose de formule I dans laquelle R 1 represente un aroyle benzy loxy carbon yle 
substitue, un aroyle benzyloxy substitue cu un cinnamoyle et R 2 represente un hydrogene, ou 

(j) pour preparer un compost de formuie I dans laquelle R 3 represente un imidazol-4-yl et'ou R* 
represente un aryle hydroxy substitue ou un aralkyle hydroxy substitue et/ou R 7 et R a representent 
ensemble un groupe trimethylene ou tetramethylene dans lequel un groupe -CHt-est remplaee par 
-NH-, traiter un compose de formule I dans laquelle R 3 represente un 1 -(benzyl oxycar bony !>- 
imsdazoI-4-yl et'ou R* represente un aryle tertbutoxy substitue ou un aralkyle tertbutoxy substitue 
et'ou R' et R B representent ensemble un groupe tri methylene ou tetrarn6ihylene dans lequel un 
groupe -CH 2 - est remplaee par un -N(tertbutoxy-carbonylj- avec un acide fort, ou 
(k) pour preparer un compose de formule I dans laquelle R 7 et R 8 representent ensemble un groupe 
trimethylene cu tetramethylene qui est substitue par un acylamin© ou dans IcqucI un groupe -CH?- 
est remplaee par -N(acyl}-, acylar un compose de formuie generale 



dans laquelle n, R\ R 2 , R 3 , R\ R 5 , R e et R 3 ant la signification donnee ci-dessus et R 7 et R B 
rspresentent ensemble un groupe trirfifithylsne ou tetramethylene qui est substitue par :jn amino ou 
dans iequet un groupe -CH 2 -est remplaee par -NH-, etfoLi 

(I) si e'est souhaite, fractionner un melange de r£c£mates diasiereoisomeres en les racemates 
diastereoisomeres ou ies diestereoisomeres cptiquement purs, efou 

(m) si e'est souhaite, fraction ner un melange de diast^r§ci some res en les diastereoiscmeres 
optiquem6nt purs, 8t'ou 

(r) si Cast souhaite transformer un compose de formule I obtenu en un se! d f addition d'acide 
pharmaceutiquement acceptable. 

Procede selon la revendication 1 dans lequel on prepare des composes de formuie I dans lesquets n 
repressnte z§ro, R* represente un alkyle, cycloalkyie, aryle, aralkyle, he*terccyclylalkyle, cyancalkyle, 
alkylthioalkyle, carbamoyialkyle ou alcoxycarbonylalkyle et R ; et R 2 representent ensemble un groupe 
trimethylene ou tetramethylene dans lequel un groupe -CH 2 - pout etre remplaee par -NH- ou S ou qui 
pcut porter un cycle fjsionne" cycloaicane, aromatique ou heteroaromatiquc ct lours sels d'addition 
d'acide pharmaceutiquement acceptable prepares selon les modes de realisation (a), (b). (c), (d) et'ou 



Precede selon la revendication 1 ou !a revendication 2, dans lequel R' represente un alcoxycarbonylo, 
aralcoxycarbonyle, alcanoyle, cycloaJkylcarbonyle, aralcanoyle, aroyle, heterocyclylcarbonyle ou «- 
aralcoxycarbonylaminoalcanoyle, de preference benzyloxycarbonyle, 2-naphtoyle, 1-hydroxy-2-naphtoy- 
le, 3-hydroxy-2-naphtoyle, 3-ben2ylcxy-2-naphtoyle. 2-quinolylcarbonyle ou 3-quinolylcarbonyle et R 2 
represente i'hydrcg&ne, 




VI 



(n). 
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Proc^de* seton Tune quelcorque des re vendi cations l a 3, dans lequel R 3 represente un alkyle. 
cyanoalkyle, alkylthioalkyle ou carbamoytalkyie, de presence cyanom&hyle, rn^thylthiome'thyle ou 
carbamoyl rnethyle. 

Proc&Je" seion Tune quelconque des revendications 1 a 4 dans lequel R 4 represente un aralkyle, de 
preference le beruyie. 

Pr3c4de* selon Tune qusiconque des revendi cations 1 a 5, dans lequel R* represents Thydrogene et R £ 
represents un hydroxy. 

Proc^de selon Tune quelconque des revendlcations 1 a 6 dans lequel -N(R 7 )-CH(R 3 )(R 9 ) represents 
I'un das firoupes suivants 
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dans lesquels R 9 a la signification donnee a la revendication 1, R 1J represents un hydrogens, hydroxy, 
alcoxycarbonyiamino ou acylamino : R' 3 represents un hydrogdne, alcoxycarbonyle ou acyle, m 
repnisante 1 ou 2 et p represent© 1 ou 2, de presence un groupe de formui© (c) dans laquelle R 1Z 
represente un hydrogene et m represente 2 ou R 12 represente un tert.butoxycar bony lam inc et nn 
represente 1, un groupe de formule (d) dans laquelle R 1$ represente un tert.butcxycarDonyle, un groupe 
de formule (oj dans laquelle m represent© 1, un group© de formute (f) dans laquelle m et p 
repr£sen1ent tous deux 1 ou un groupe de formule (g), (i) ou fj). 
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8. Proced^ selon I'jne queiconque des revendications 1 h 7, dans lequel R ? repre*sente un aicoxycarbo- 
nyle, monoaikylcarbamoyle ou un groupe de formula (b) donn4e a la revendication 1, de pretence un 
teitfcutoxycarbonyle, isobuty [carbamoyl©, tertbutyfcarbamoyle ou un groupe de formuie (b) donnee a 
ia revindication 1 dans iaquehe R 1C represent© un sec butyle et R 1 1 represents un isobutyle. 

9. Precede seion i'une queioonque des revendications t a 8 dans lequo? R 1 represente un bemyloxycar- 
bonyle, 2-naphtoyle, l-hyaroxy-2-naphfoyle, 3-hydroxy-2-naphtnyls, 3-benzyioxy- 2-naphtoyle, 2-qi;ino- 
iyicarbcnyie ou 3<3u; not ylcar bony le et R 2 iepi4sttnte un hydrogens, R 3 repr4t>ente un cyanom£thyle, 
rnethyUhtomethyie carbarnoylmethyle, R A represents un benzyle, R £ represent© un hydrogene e£ R s 
rspr&sente un hydroxy et -N(R ; )-CH(R 3 )(R 3 ) hydrogene et R & reprisente un hydroxy et -N(R 7 )-CH(R 8 )- 
(R 9 ) represents un grouoe de forreule (c) donnee a !a revendication 7 dans Iaquelle R 12 repr^sente un 
hydrogene et rn represents 2 ou R u represents un tert-butoxycarbonylaminc et m represents 1. un 
group© de formuie (d) donnee a la revendiceiion 7 dans iaquelle R 13 represents un 
tertbuto*ycejtonyle. un groupe de formuie (e) donnee a la revendication 7 dans Iaquelle m represents 
1 , un oroups de formuie (f) donnee h la revindication 7 dans Iaquelle m et o represented tous deux 1 
ou un groupe cie formuie (g), (\), (j) donnee a le revindication 7 et R H rspresente un 
tert butoxycartonyle, iscbutylcarbamoyle. tart.butylcarbamoyle ou un groupe de formuie (b) donnee a. 
!a revendication 1 dans Iaquelle R 1J represents un sec.buivle ef R 1: represents un isobutyle. 

10. Precede selon la revendication 1 dans iequel on prepare l e N-tert.buiyi H2{R>hydroxy-4-preny!-3(S)-[- 
[N-;2-qunoiylcarbcny!H^ 

11. Proc£d£ selon la revindication " dans lequsl an prepare ie N-tert.butyl-octahydro-1-t2{R)-rtydroxy-4- 
p^enyl-3(SH[N-(2<;uinolylcarbcnyiH^ pyrro:e-2(S)- 
Cciooxamide. 

12. Precede seion la revendtcation i cans lequsi on prepare le N-tert.bur/M^ 1 3 1 4-teuahydro-2-[2(R)- 
rydroyy-4-ph£nyl-3(S)-i[l^{2^ ou Sy 
caboxamide. 

13. Utilisation d'un derive* c'amincacide de formuie I seion la revendication 1 ou d'un de ses seis d'addition 
d'acide pharmaceudquemeat acceptable pour preparer un medicament pow le tra;tement <x> la 
prophylaxis defections vira'es. 

Revendications pour I'Etat contiactant sulvanl : GR 

1. Procede de preparation de comuoses de for mule general e 



-4 



<CH NH f* 



8 



U 



dans laquolle n reprSsentc zer? ou 1; R 1 represents un elcoxyc3rbony!e, aralcoxycarbonyb, alcanoylc. 
cycloalkylcaAonyle. araicanoy's, arc-yle, heteroeyciylcarbonyie, aikyisuifony'e, arylsdfonyle, .tie-noa'a!- 
k'/Icarbarno'tO: cinramoyie ou o-aiak;oxycarbcnylaminoaicanoylo et R J represents un hydrogene ou R- 
ot fi z repr4sentent avec Tatorre d'azote auquel its sont lix^s un groupe cycltqua imide to formuie 
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•v 



(a) 



dans laquelle P et Q represented ensemble un systeme aromatique; R 3 represente un alkyle, 
cycloalkyle, aryle, araikyie, h£terocyc!ylalkyle. cyanoalkyle. aikylsulfinylalkyle, carbamoytalkyle ou al- 
coxycarbonylalkyle ou quand n represente z4ro. R 3 peut aussi representor un aikylthioaikyie ou, quand 
n represente 1, R 3 peut aussi representor un alkylsjlfonyialkyle; R 4 represente un alkyle cycloalkyle, 
cyclcaikylalkyle, aryle ou aralkyle: BP represents un hydrogens et Ff represents un hydroxy ou R 5 et 
R ; represented ensemble un oxo: R 7 et R 8 represented ensemble un groupe trtmethylene ou 
tetramethylene qui est eventuellsment substitue par un hydroxy, alcoxycarbonylamino ou acylamino ou 
dans iequel un groupe -CH 2 est remplace" par -NH-, -N(alcoxycarbonyl)-. -Nfecyi), ou -S-ou qui porte un 
cyciefusionne cycioalcane, aromatique ou heteroarometique; et R 9 represents un alcoxycarbonyle, 
monoalky (carbamoyl, moriDaralkylcartcmoyle, moncarylcarbamoyle ou un groupe de formule 

KK CO 

/ \ / \ U 
-CO CH NH — R 

I 10 

dans laquelle R'° et R 11 reprgsentem ehacun un alkyle: et lews sels d'addition d'acide pharmaceuti- 
quement acceptaoies, 
ce proc6d<$ comprend 

(a) pour preparer un compose* de formule I dans laquelle n represente z6ro. de faire r4agir un 
compost de formule g£n4ra!e 



dans laquelle R\ R 5 , R E ,R 7 , R 3 et R* cnt !a signification donn4e ci-dessus, 
avec un acide de formule generate 



■T— N 



:ooh 



in 



dans laquelle H\ R £ et R 3 ont la signification donn£e ci-dessus, 
ou un de ses d6riv6s r£aciifs, ou 
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(b) pour preparer un compose de formule I dans laquelle n represente sdro, H J represente un 
hydrogene et R 5 represente un hydroxy, r4duire un compose de formula I dans laquelle n 
represente zero et R^ et R G represententensemble un oxo, ou 

(c) pour preparer un compost de formule f dans laquelle n representa zero el R 1 represente un 
alcanoyle, cycloajkylcarbonyle, aralcanoyle, aioyle, heterocyclylcarbonyle, alkylsulfonyle, arylsuilo 
nyle, cinnamoylo cu a-aralcoxycarbonylaminoalcanoyle et R 2 represente I'hydrogene ou R 1 et R 2 
represented avec I'atome d'azcte auquel ils sont fix^s un groupe cyclique imide de lormule (a) 
don nee plus haul dans cette revendication. faire r^agir un compost de formule generate 



l 3 



! 



\ 



CH. 



IV 



19 



dans laquelle R 3 , R 4 , R 5 , R", R 7 . R 6 et R s ont la signification donnie ci-dessus, 
avec un agent donnant un groupe £ic3noyie, cycloalkylcarbonyle, aralcanoyle, aroyle. heterocyclyi- 
carboniyc, alkyisuifonyic, arylsulfonyle, cinnamoylo ou Q-aralcoxycacbonylamtno-alcanoyle ou avec 
un agent formant un groupe cyclique imide de formule (a) donn£e plus haut dans cette revendi ca- 
tion, ou 

(d) pour preparer un compost de lormule I dans laquelle n represente zero et R 1 represente un 
monoaraikylcarbarnoyle et R 2 represents I'hydrogene, 

laire reagir un compose de formule IV indiquee ci-dessus dans cette revendication avec un compose 
de formule generate 

R 1 - N = C = 0 V 

dans laquelle R r represente un araikyle, 
ou 

(e) pour preparer d'un compost de formuie I dan* laqueile R 3 represente un alky Isulfinylal icy le et n 
repr§senie zero, oxyder un compose de Formule I dans Jaquslls R 3 represente un alkylthioalkyle et n 
representa zero, ou 

(f) pour preparer un compost de formule I dans iaquslie ri represente 1, oxyder un compose* de 
lorrnule I dans laquelle n represente ^ero, ou 

(g) pour preparer un compose do fnrmuie I dans laquelle n represente 1 et R 1 represent un grcupa 
N-h&e7ocycly!carbonyle N-oxyde aromatique et R : ' represente un hydrogens, oxyder un compose! 
de formule I dans laquelle n represente 1 et R' represente un groupe N-heterocyclylcarbonyle 
aromatique et R 2 represents un hydrogene, ou 

(h) pour preparer un compose" de formule I dans laquelle n represents 1 et R 3 represente un 
alkylsulfonylalkyle, oxyder un compose de formule I dans laquelle n represente 1 et R 3 represents 
un alkylsulfinylalkyle, ou 

(i) pour preparer un compose de formule J dans laquelle R' represente un arcyle car boxy substitue, 
un aroyie hydroxy substitue ou un hydrocinnamoyle et R 2 represente un hydrogens, hydrogener 
catalytiquornent un compose de formjle I dans laquello R 1 represente un aroyle benzyioxycarbonyle 
substitue, un aroyle bcnzyloxy substitue ou un cinnamoylo ct R 2 represente un hydrogene, ou 

(j) pour preparer un compose de formule I dans laquelle R 3 represente un imidazol-4-yl et/ou R* 
represent© un arylo hydroxy substitue ou un araikyle hydroxy substitue etfou R 7 et R 8 represented 
ensemble un groupo tri methylene ou t6iramethylene dans lequel un groupe -Cl-fe-esf remplac§ par 
-NH-, traiter un compose de formule I dans laqueile R 3 represente un 1 -(benzyicxycarbonyl)- 
imida2ol-4-yl etou R 4 represente un aryle tertbutoxy substitue ou un araikyle tert.butoxy substitue 
etfeu R 7 et R 8 repressntsnt ensemble un groupe trimethyleno ou tetrametfiylena dans lequel un 
groupe -CH2- est remplace par un -N(tertbutoxy-carbonyl)- avec un acide fort, ou 
(kj pour preparer un compose 09 formule I dans iaqueile R 7 et R 3 represented ensemble un groups 
trtmethylene ou tetramethyiene qui est substitue par un acylamino ou dans lequel un groupe -CH2- 
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est remplac4 par -N(acyl)-, acyler un compost do formula g^neYale 







CH. N 



vr 



dans laquelle n, R 1 . R 2 , R 3 . R*, R s , R 6 et R 9 ont la signification donne*e ci-dessus et R'" et R B * 
repre"sentent ensemble un groupe trim&hylen9 ou t&ram&hylene qui est substitue* par un amino cu 
dans lequel un groupe -Chh-est remplace par -NH-, et'ou 

(I) si c'est souhaite. frectionner un melange de race*rr>ates diast£r6oi$ome:res sn les racemates 
diast§r$oisoroeres ou les di£st£re*oisomeres cptiquement purs, et/ou 

(m) si c'est souhatte, fractionner un melange de diastereoisomeres en les diastereoisomeres 
optiquement purs, et-'ou 

(rf) si c'est souhaitS transformer jn compose* de formuio I obtenu en un set d'ariditton d'acide 
pharmaceutiquemenl acceptable. 

Procdde* selon la revendication 1 dans leque! on prepare des composes de formule I dans lesquels n 
rep-esenle zero, R 3 represente un alkyle, cyc!oa!ky!e, aryle, a^alkyie, heterocyclylaikyle, cyanoalkyle. 
alkylthtoaikyie, carbamoyl^ Kyle ou alcoxycarbonylalkyis et R 7 et R 8 representent ensemble un groupe 
trirnelhylene ou te*tramgthytene dans iequel un groupe -Chfe- peut §tre remplace* par -NH- ou S ou qui 
peut porter un cycle fusionne cycloaicane, aromatique cu heteroaromatique et leurs seis cf'adciition 
d'acide pharmaceutiquement acceptable prepares seion les modes de realisation (a), (b), (c), (d) et-'ou 



Proc^de" selon la revendication 1 ou la revendication 2, dans lequel R 1 represente un alcoxycarbonyie. 
aralcoxycarbonyle, alcanoyle, cycloalkylcarbonyle, aralcanoyle, aroyie, rt£te>ocyclylcarbony!e ou <*- 
aralcoxycarbonylamincalcsnoyle, de preference benz/loxycarbonyie, 2-naphtoyla, l-hydroxy-2-naphtoy- 
le. 3-hydroxy-2-naphtoyle. 3-benzylcxy-2-naphtoyie : 2-quinolylcarbonyle ou 3-quinolylcarbonyie, et R 2 
represente i'hydrogene 

Precede selon Tuns queiconque des revendications 1 a 3, dans iequel R 3 represente un alkyle, 
cyanoaikyle. alkyithioalkyle ou carbarnoyialkyie, C3e preference cyanomethyle. methylthiotn^thyle ou 
carbarnoylmethyle. 

Precede* selcn i'une queiconque des revendications 1 a 4 dans lequel R* represente un aralkyle, de 
preference le ben2y!e. 

Proce'de s8lon Tune queiconque des revendications 1 a 5, dans lequel R 5 represente I'hydrogene et R s 
represente un hydroxy. 

Procede selon i'une queiconque des revendications 1 a 6 dans leque! (N(R 7 }-CH(R 8 )(R'> repr§S6nte 
I'un des groupes suivants 



fn). 
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dans !esque!s R- a ia signification donnee k la revendication 1, R 1? represente un hydrog&ne, hydroxy, 
aicoxycerbonylernino ou acylamino, R 13 represente un hydrogeno, alcoxycarbonyle ou acyle, m 
represente I ou 2 et p repressrte 1 ou 2, de presence un groupe de formuie (c) cans laquelle R 12 
represente un hydrogena et m represents 2 ou R !2 represents un tert.butoxycarbonyiamino et m 
rapresenie 1. un groupe ds fornnuid (d) dans laquelle R 13 represente un tertbutox/carbonyle, un groupe 
da formuie (e) dans laquGUa m represente 1, un group© da formuie (f) dans laqueile m et p 
raprSsentent tous dsux 1 on un groupe de foimuie (g), (t) ou (j). 
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8. Precede selon I'une queiconque des revendications 1 a 7, dans lequei R 9 represente un alcoxycarbo 
nyie, monoalkyicarbamoyle ou un groupe de formula (b) donr.de a la revendication 1, de preference un 
tert.-butoxycarbonyie, isobutylcarbamoyle, te it. butyl carbamoyl e ou un groupe de formule (b) donnee a 
!a revendication 1 dans laquelle R 10 represents un sec.buiyle et R 11 represente un isobutyle 

9. Procede selon Tune quelconque des revendtcations 1 a 8 dans lequel R 1 represents un benzyloxycar- 
bonyle, 2-naphtoyle, 1 -hydroxy -2-naphloyIe, 3-hydroxy-2-naphtoyle, 3-benzyloxy-2-naph1oyle, 2-quino- 
lylcarbonyle uu 3-quinolylcarbonyle et R 2 represente un hydrogens, R 3 represente un cyanornethyie, 
methyithiorrvethyle ou carb£moylnn4lhy!e. R< represents un benzyls, R 5 represente un hydrogen© et R £ 
represente un hydroxy et -N(R 7 )-CH(R 3 )(R 9 ) represente un groupe de fcrmule (c) donnee a la 
revendication 7 dans laquelle R 12 represente un hydrogens et m represente 2 ou R 12 represente un 
tert-butoxycarbony!amino et m represente 1, un groupe de formule (d) donnee a la revindication 7 
dans laquelle R 13 represente un tert.butoxycarbonyle, un groups de formule (e) dcnnee a la revendica- 
tion 7 dans laquelle m represents 1 . un groupe de formule (f) donnee a la revendication 7 dans laquelle 
nr. et p represented tous deux 1 ou un groupe de formule (g). <i). (j) donnee a la revendication 7 et R 5 
represente un tertbutoxycarbonyls, isobutylcarbamoyie, tert.bufylcarbamoyle ou un groupe de formule 
(b) donne* a. la revendication 1 dans laquelle R ,c represente un sec.butyle et R 11 represente un 
isobutyle. 

10. Precede selon la revendication 1 dans lequei on prepare !e N-tert.butyl 1-[2(R)-hydroxy-4-phenyl-3(S)-[- 
[N-(2-quinolylcarbonyl>L-c^paraginyi]aminolbu1yi]-2(S)-pipe 

11. Precede selon la revendication 1 dans lequei cn prepare le N-tert.butyl-octahydro-1-f^ 
ph9nyW(SHW2-quinolylcarbcn^ 



12. Precede selon la revendication 1 dans leque! on prepare le N-tert.butyl-i,2,3 l 4-tetraiiydrc-2-[2(R>- 
nydroxy-4-phenyl-3(S)-[[N^ ou $y 



13. Proced6 de preparation d'un medicament particujilrement pour r utilisation dans !e traitement ou la 
prophylaxie defections virales, ce precede comprend de mettre sous forme de dosage gaienique un 
derive d'arninoacide de formule I selon la revendication 1 ou un de sgs sels d'addition d'acide 
pharmaceutic uerneni acceptables. 

14. Compose de formule generate 



R 3 represente un alkyle : cyciosikyle, aryle, aralkyla, heterocyciyla!fcy!e ; cyanoaikyle. aikylthioalkyie, 
alkylsulfinyialkyle, carbamoylalkyle ou alcoxycarbonyiaikyle, R* represente un alkyle, cycloalkyle, 



carboxamioe. 



carboxamice. 




dans iaqudlie R represente un hydrogen© ou le groupe 
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cycloalkylalkyle, ary!e cu aralkyle; R- reprSsente tin hyd'ogfc.ne et R 6 repre'sente un hydroxy ou et 
R c ensemble 'eprSsentent un oxo; R 7 ot R a ensemble repre'sontent un groups trim^thylfene ou 
tetiamelhylene qui est events eliement substitua par un hydroxy, alcoxycarbony! amino on acyl&mino ou 
dans !equol un groupe -Ob- est rem place* par -NH-, N(alcoxycarbonyl)-, -N(acyl)- ou -S- ou qui ports 
un cycle fusionn^ cydoalcane, aromatique ou h4t4roaromatiqua, et R 9 represent© un alcoxycarbonyte, 
monoaikylcarbamoyle, mcnoaraikyicarbannoyte, monoacylcarbamoyle ou un groups de formula 



NH .CO 

-co' ca' *«— * 



10 



(b) 



dans 'aquelle FV" e: FT' repressnten; chacun un aikyle. 



15. Compose do formule generate 



! I 
P. — N 



Nh^ N kh X 



IT 



VI 



dans laqualie n represent j£ro ou 1; R : represents un alcoxycarfconyle. aralcoNycarbonyie, alcanoyle, 
cycloaltcylcarbonyle, aralcanoyle, aroyle, h&drocyciylcartJonyie, s^kyisuifonyle, aryisulfonyla, nonoaral- 
kylcarbamoyle. cinnamoyie ou a-araicoxvcarbonylarninccicanoyle et R ; repr^sente un hydrcg&ne ou R 1 
et R 2 representee ensemble avac i'atcme d' azote auque! ils sont li£s un groupe imide de formule 




O 



dans iaquelle P et Q represented ensemble un systeme aromatique; R 3 represent e un aikyle. 
cycioalkyle, aryle, aralkyle, hsteVcoyciylalkyle, cyanoalkyle, al kyisulfinylalkyle carbarn oylaikyle ou ai- 
coxy car bony lalkyie ou quand n represente zero, R 3 peut eussi representor un alkylthioaikyle ou, quand 
r represente 1. R a peut aussi reptSsenter un aikylsulfonylalkyie: R* represente un aikyle, cycloalkyle. 
cyclcalkyialkyle, aryi9 ou aralkyle, R 5 represents un hydrogene et R 5 repre'sente un hydroxy ou R 5 et 
R c ensemble ropresontent un oxo; R 7 ' ot R 8< ensemble represented un groupe tnmethyleno ou 
teMramelhylene qui est substitu6 par un amino; et R 9 represente un alcoxycarbonyle, monoaSkylcarba- 
moyle, rr ; onoaralkylcaTbamoyfe, monosrylcarbamoyle ou un groupe de formule 



NH V C0 V 

/ \ / \ n 

-co CH MX — a 



R' 



10 
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dans laqueile R 10 el R 11 represents™ chacur un alk/te. 



6 



to 



T5 



20 
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